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1(LQOHLWXQJ
&CU .GDGP XQP 2HNCP\GP KUV KP GKPGOYGKVCWU ITÑ†GTGP7OHCPI XQP KJTGO FKTGMVGP
.GDGPUTCWOCDJ…PIKICNUFKGUDGK6KGTGPQFGT/GPUEJGPFGT(CNN KUV2HNCP\GPJCDGP
GKPGP HGUVGP 5VCPFQTV WPFRTQHKVKGTGP UQOKV XQPFGP KJPGP \WI…PINKEJGP4GUUQWTEGP
YKG .KEJV9CUUGT0…JTUVQHHGP WPF/KPGTCNKGP QFGT NGKFGP WPVGT KJTGO/CPIGN 5KG
JCDGP MGKPG/ÑINKEJMGKV FWTEJ 5VCPFQTVXGT…PFGTWPI 5EJCFUVQHHGP MQPMWTTKGTGPFGP
2HNCP\GP QFGT CPFGTGP WPI×PUVKIGP .GDGPUWOUV…PFGP CWU FGO 9GI \W IGJGP 
$GUQPFGTUFGWVNKEJYKTFFKGUGT0CEJVGKNDGK$GHCNNFWTEJ2CVJQIGPGQFGT5EJ…FNKPIG
9…JTGPF6KGTG UKEJIGIGP(GKPFGFWTEJ CMVKXGP-CORHXGTVGKFKIGPQFGTYGPKIUVGPU
FWTEJ (NWEJV GPV\KGJGP MÑPPGP JCDGP 2HNCP\GP FKGUG/ÑINKEJMGKVGP CWHITWPF KJTGU
HKZKGTVGP5VCPFQTVGUPKEJV
+O.CWHGFGT’XQNWVKQPJCDGPFKG2HNCP\GPLGFQEJXKGNH…NVKIG5VTCVGIKGPGPVYKEMGNVWO
FKGUGP 0CEJVGKN OÑINKEJUV CWU\WINGKEJGP 5EJQP KO ,CJT  JCV ’4056 56#*.
2TQHGUUQT KP ,GPC FKG YGEJUGNUGKVKIG #PRCUUWPI \YKUEJGP 2HNCP\GP WPF KJTGP
JGTDKXQTGP+PUGMVGPDGQDCEJVGV1
 9HUWHLGLJXQJVV\VWHPHYRQ3IODQ]HQ
’*4.+%* WPF 4#8’0 JCDGP  OKV CNU ’TUVG GKP /QFGNN UEJTKVVYGKUGT WPF
YGEJUGNUGKVKIGT EJGOKUEJGT ’XQNWVKQP 
-QGXQNWVKQP \YKUEJGP 2HNCP\GP WPF +PUGMVGP
XQTIGUEJNCIGP YQDGK FKG HGKPFNKEJGP EJGOKUEJGP 9GEJUGNYKTMWPIGP \YKUEJGP
2HNCP\GP WPF KJTGP PCV×TNKEJGP (GKPFGP FKG VTGKDGPFG GXQNWVKQP…TG -TCHV H×T FKG
#PRCUUWPI WPF 9GKVGTGPVYKEMNWPI DGKFGT )GIPGT UKPF2 &KGUG WTCNVGP 9GEJUGN
YKTMWPIGPMÑPPGPFCH×TXGTCPVYQTVNKEJUGKPFCUUXGTYCPFVG2HNCP\GPCTVGP…JPNKEJG
5GMWPF…TOGVCDQNKVG DKNFGP WPF GPI XGTYCPFVG +PUGMVGPHCOKNKGP …JPNKEJG
9KTVURHNCP\GPY…JNGP
+P\YKUEJGP JCV UKEJ FCU-QP\GRV FGT -QGXQNWVKQP HQTVGPVYKEMGNV/CP WPVGTUEJGKFGV
\YKUEJGPRCCTYGKUGTWPFFKHHWUGT-QGXQNWVKQP&KGGTUVGDG\KGJVUKEJCWHGKPYGEJUGN
UGKVKIGU WPF UEJTKVVYGKUGU 9GVVT×UVGP  FGT 2HNCP\G WPF KJTGU 5EJ…FNKPIU Y…JTGPF
UKEJ FKG \YGKVG WPF YGKVCWU J…WHKIGTG FCTCWH DG\KGJV FCUU OGJTGTG XGTYCPFVG
+PUGMVGPCTVGP GKPG4GKJG EJGOKUEJ …JPNKEJGT 2HNCP\GP DGHCNNGP#WEJ JKGTDGK MÑPPGP
*GTDKXQTGWPF2HNCP\GPFKG’PVYKEMNWPIFGULGYGKNUCPFGTGPUVCTMDGGKPHNWUUGP
22HNCP\GPJCDGP UKEJ CNUQ KO.CWHGFGT<GKV CWH KJTG (TC†HGKPFG GKPIGUVGNNV WPFOGJT
QFGT YGPKIGT URG\KHKUEJG #DYGJTOGEJCPKUOGP IGIGP UKG GPVYKEMGNV 0GDGP FGP




1.1.1 Konstitutive chemische Verteidigung
8KGNG2HNCP\GPJCDGPFKG5WDUVCP\GP\WKJTGT8GTVGKFKIWPIDGTGKVUIGDKNFGVDGXQTUKG
×DGTJCWRV IGUEJ…FKIV YGTFGP $GK FKGUGT MQPUVKVWVKXGP 
MQPUVKVWVKX ITWPFNGIGPF
YGUGPVNKEJ EJGOKUEJGP 8GTVGKFKIWPI IGJÑTGP )KHVG CWEJ \WT PQTOCNGP #WUUVCVVWPI
FGT2HNCP\GYGPPUKGPKEJVCPIGITKHHGPYKTF&GT8QTVGKNFKGUGT/GVJQFG NKGIVFCTKP
FCUUFKG8GTVGKFKIWPIUQHQTVDGTGKVKUVWPFFKGPÑVKIGP6QZKPG\$FKG…VJGTKUEJGP'NG





DGUKV\V CNU FKTGMV FGT DGVTQHHGPGP 2HNCP\G \W JGNHGP KUV FKG 8GTYGPFWPI UGNVGPGT
#OKPQU…WTGP3 &KG MQTTGMVG (WPMVKQP XQP 2TQVGKPGP WPF ’P\[OGP KUV XQP KJTGT






9KTF FKG 2HNCP\G IGHTGUUGP YKTF FKGUG #OKPQU…WTG YKG CNNG CPFGTGP KP FGP
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Abb. 1: Canavanin und Arginin als Strukturanaloga
&KG #TIKPKPV40# FGT 2HNCP\G UGNDUV MCPP FCIGIGP \YKUEJGP %CPCXCPKP 
 WPF
#TIKPKP 
 WPVGTUEJGKFGP*…WHKIJCDGP LGFQEJ CWEJFKG 5EJ…FNKPIGFKGUGT2HNCP\GP
UKEJKO.CWHGFGT’XQNWVKQPCPFKGUGP5EJWV\OGEJCPKUOWUCPIGRCUUVWPFMÑPPGPDGK
FGT2TQVGKPDKQU[PVJGUGIGPCWUQ\YKUEJGPFGP#OKPQU…WTGPFKHHGTGP\KGTGP
1.1.2 Aktivierte chemische Verteidigung
$GK FGT CMVKXKGTVGP EJGOKUEJGP 8GTVGKFKIWPI DGYCJTV FKG 2HNCP\G PKEJVVQZKUEJG





$NCWU…WTG KUV GKP UGJT UVCTMGU #VOWPIUIKHV YGKN GU FKG %[VQEJTQO1ZKFCUG JGOOV
5EJ…V\WPIUYGKUGCNNGT2HNCP\GPXGTVGKFKIGPUKEJOKVFKGUGO)KHVIGIGP(TC†HGKPFG





GPVUVGJV GKP %[CPJ[FTKP FCU UGJT KPUVCDKN KUV WPF NGKEJV KP #NFGJ[F WPF $NCWU…WTG
\GTHCNNGPMCPP
’KP $GKURKGN H×T FKGUG /GVJQFG KUV FKG .KOCDQJPG 





















Abb. 2: Das Cyanhydrin, das sich nach der Abspaltung des Zuckers bildet, zerfällt spontan in



































Abb. 3: Nach Abspaltung der Glucose zerfällt das Produkt in Sulfat und Senföl.
1.1.3 Induzierte chemische Abwehr
&KG 2TQFWMVKQP XQP #DYGJTUVQHHGP 
2J[VQCNGZKPGP WPF )KHVGP DGFGWVGV H×T FKG
2HNCP\G CWEJ KOOGT GKPGP 8GTDTCWEJ XQP 4GUUQWTEGP 7O FKGUGP 8GTDTCWEJ \W










MQPPVGP \GKIGP FCUU 6QOCVGPMPQNNGPIGYGDG FCU GTUV OKV GKPGT PKEJV KPHGMVKÑUGP
KPMQORCVKDNGP#TVXQP2J[VQRJVGTC KPHGUVCPU KPHK\KGTVYWTFGFCPCEJIGIGPFGP$GHCNN
OKVGKPGT KPHGMVKÑUGPMQORCVKDNGP#TVXQP2KPHGUVCPUGKPG4GUKUVGP\CWUIGDKNFGVJCV
#WU KJTGP ’ZRGTKOGPVGP UEJNQUUGP UKG FCUU FCU)GYGDG FWTEJ FKG9GEJUGNYKTMWPI
OKVFGT KPMQORCVKDNGP#TVPKEJVURG\KHKUEJG5WDUVCP\GP
2J[VQCNGZKPGIGDKNFGVJCVVG
&KGUG XGTJKPFGTVGP FCU YGKVGTG9CEJUVWO FGU 2CVJQIGPU WPF UVGNNVGP CWEJ DGK FGT
PCEJHQNIGPFGP+PHGMVKQPOKVFGTMQORCVKDNGP#TVGKPGPYKTMUCOGP5EJWV\FCT6
<W FKGUGT <GKV YCT PQEJ PKEJVU ×DGT #TV QFGT EJGOKUEJG 5VTWMVWT FGT 5WDUVCP\GP











































9KG FCU 2KUCVKP 
 IGJÑTV CWEJ 2JCUGQNKP 
 FCU CWU FGT )CTVGPDQJPG 
2JCUGQNWU
XWNICTKU UVCOOV \W FGT )TWRRG FGT 2VGTQECTRCPG FKG UKEJ XQP FGP +UQHNCXQPQKFGP
CDNGKVGP2JCUGQNKPKUVIGIGP$CMVGTKGP*GHGPWPF2KN\GYKTMUCO8
&CU 2UQTCNGP 
 UVCOOV CWU FGT ITQ†GP )TWRRG FGT (WTCPQEWOCTKPG FKG OCP KP
&QNFGPDN×VNGTP 0GNMGP WPF .KOQPGP HKPFGV ’KP 5[ORVQO FCU FWTEJ FCU 6QZKP




 KUV GKP 2J[VQCNGZKP CWU 6TCWDGP $GK FKGUGT 5WDUVCP\ YWTFG KP FGP
NGV\VGP,CJTGPKOOGTYKGFGTGKPGVWOQTTGRTGUUKXG9KTMWPIDGK5…WIGVKGTGPFKUMWVKGTV





PCEJ $GHCNN FWTEJ 4CWRGP H×T FGP 5EJ…FNKPI WPIGPKG†DCT 0WT FGP URG\KCNKUKGTVGP







WPF CWH FGT $NCVVQDGTHN…EJG XQP LWPIGP 6TKGDGP IGNCIGTV &KGU JKPFGTV FGP
5EJPGGUEJWJJCUGP FCTCP FKGUG DGUQPFGTU IGUEJ×V\VGP 2HNCP\GPVGKNG \W HTGUUGP &CU
6TKVGTRGPQKF MCPP KP FGP LWXGPKNGP 9CEJUVWOURJCUGP FGT +PVGTPQFKGP DKU \W 
2TQ\GPVFGU6TQEMGPIGYKEJVUCWUOCEJGP12
1.1.4 Tritrophe und multitrophe Systeme
0GDGP FGP FKTGMVGP 9GEJUGNYKTMWPIGP \YKUEJGP 2HNCP\G WPF *GTDKXQT QFGT
2CVJQIGP \GKIGPPGWGTG(QTUEJWPIGPCWEJFKG EJGOKUEJG-QOOWPKMCVKQP \YKUEJGP
2HNCP\G *GTDKXQT WPF GKPGT FTKVVGP VTQRJKUEJGP ’DGPG FKG H×T FKG #DYGJT XQP
5EJCFKPUGMVGP GKPG YKEJVKIG 4QNNG URKGNV 8KGNG 2HNCP\GP FKG CMWV XQP 5EJ…FNKPIGP
DGHCNNGPYGTFGP UKPF KP FGT .CIG WO*KNHG \W TWHGP  &CDGK NQEMGP UKG CMVKXOKV
Einleitung 7
&WHVUVQHHGP 2CTCUKVGP QFGT (GKPFG FGT 5EJCFKPUGMVGP CP 5Q NQEMV \WO $GKURKGN FKG
.KOCDQJPG 2JCUGQNWU NWPCVWU DGK $GHCNN FWTEJ FKG JGTDKXQTG 5RKPPOKNDG 6GVTCP[EJWU
WTVKECGKJTGPPCV×TNKEJGP(GKPFFKG4CWDOKNDG2J[VQUGKWNWURGTUKOKNKUCP&KG4CWDOKNDG
YKTF XQO .WHVUVTQO VTCPURQTVKGTV WPF YCPFGTV UQ XQP 2HNCP\G \W 2HNCP\G CWH FGT
5WEJG PCEJ 0CJTWPI &WTEJ KJTG QNHCMVQTKUEJGP 5KPPG KUV UKG KP FGT .CIG XQP FGT










TGCIKGTV CWEJ FKG /CKURHNCP\G OKV FGT ’OKUUKQP XQP &WHVUVQHHGP CWH FGP (TC† FGT
4CWRGP&KG2HNCP\GYKTFFCFWTEJCVVTCMVKXH×TFKGRCTCUKV…TG9GURG7PVGTUWEJWPIGP




$KQU[PVJGUG XQP #DYGJTUWDUVCP\GP GKP GHHGMVKXGU 5KIPCNVTCPUFWMVKQPUU[UVGO
GTHQTFGTNKEJ +JT flDGTNGDGP KUV XQP GKPGT UEJPGNNGP #PVYQTV CWH FKG 5EJ…FKIWPI




 ’NKEKVKPG CWU2KN\GP’P\[OG 
\$β
)NWEQUKFCUGP WPF (GVVU…WTG#OKPQU…WTG -QPLWICVG 
\$ 8QNKEKVKP15 CWU FGO
5RGKEJGNUGMTGVXQP+PUGMVGPQFGTCWEJ5GMWPF…TOGVCDQNKVGCWUFGO5VQHHYGEJUGNFGT
2HNCP\GQFGTFGU2CVJQIGPU
6TQV\ FKGUGT 8KGNHCNV FGT ’NKEKVQTGP MCPP OCP KO /QOGPV PWT \YGK XGTUEJKGFGPG
5KIPCNYGIGWPVGTUEJGKFGP&KGUKUV\WOGKPGPFKGXGTYWPFWPIUKPFW\KGTVG5KIPCNMGVVG
WPF\WOCPFGTGPFKGJ[RGTUGPUKVKXG4GCMVKQPCWHFGP2CVJQIGPDGHCNN




CWEJ U[UVGOKUEJ 6QOCVGPRHNCP\GP 
.[EQRGTUKEQP GUEWNGPVWO TGCIKGTGP CWH
8GTNGV\WPIGPKJTGT$N…VVGTOKVGKPGTU[UVGOKUEJGP$KQU[PVJGUGXQP2+0U&KGUGITGKHGP
KP FCU 8GTFCWWPIUU[UVGO XQP +PUGMVGP WPF FGP 5VQHHYGEJUGN XQP 2CVJQIGPGP GKP
TGFW\KGTGP FKG 8GTH×IDCTMGKV XQP GUUGPVKGNNGP #OKPQU…WTGP WPF XGT\ÑIGTP UQ FCU
9CEJUVWO FGT 5EJ…FNKPIG &KGUG 4GCMVKQP YKTF FWTEJ ,CUOQPU…WTG D\Y CPFGTG
1EVCFGECPQKFGQFGTCWEJFWTEJ’VJ[NGPCNU5KIPCNOQNGM×NGGKPIGNGKVGV
 2FWDGHFDQRLGH
1DYQJN GU GKPG ITQ†G 8KGNHCNV CP RTKO…TGP ’NKEKVQTGP WPF WPVGTUEJKGFNKEJGP
#DYGJTTGCMVKQPGP IKDV UEJGKPGP FKG 8GTVGKFKIWPIUOGEJCPKUOGP FGT OGKUVGP




#DD  &KGUG 5WDUVCP\ YKTF KP 2HNCP\GP ×DGT FGP XQP 8+%- WPF
<+//’4/#0 DGUEJTKGDGPGP 1EVCFGECPQKFYGI JGTIGUVGNNV16 #WUICPIUUWDUVCP\ KUV
FCDGK FKG .KPQNGPU…WTG 
 FKG PCEJ FGT1ZKFCVKQP \W 
5*[FTQRGTQZ[QEVCFGEC
VTKGPU…WTG 
 KPOGJTGTGP 5EJTKVVGP \WT 1ZQRJ[VQFKGPU…WTG 
12&# 
WOIGUGV\V YKTF &KGUG \GKIV GDGPHCNNU YKG FKG ,CUOQPU…WTG 
,#  GKPG UVCTMG
DKQNQIKUEJG #MVKXKV…V17 &WTEJ FKG PCEJHQNIGPFG 4GFWMVKQP WPF -×T\WPI FGT
5GKVGPMGVVGFWTEJFTGK<[MNGPGKPGTβ1ZKFCVKQPGPVUVGJVUEJNKG†NKEJ,CUOQPU…WTG
,#
&KG ,CUOQPU…WTG QFGT KJT/GVJ[NGUVGT 
/G,# KPFW\KGTGP KP FGT 2HNCP\G URG\KHKUEJG
#DYGJTTGCMVKQPGP5KGCMVKXKGTGP)GPGXQP2TQVGKPCUG+PJKDKVQTGPQFGTXQP’P\[OGP
FKG DGK FGT 2TQFWMVKQP XQP 5GMWPF…TGOGVCDQNKVGP WPF 2J[VQCNGZKPGP GKPG 4QNNG
URKGNGP ,CUOQPU…WTG KUV CWEJ CP FGT 4GIWNCVKQP XQP #NVGTWPIU WPF
9CEJUVWOURTQ\GUUGPKPFGT2HNCP\GDGVGKNKIV
#WHITWPF FKGUGT \GPVTCNGP 4QNNG XQP ,CUOQPU…WTG KO 5GMWPF…TUVQHHYGEJUGN FGU
RHNCP\NKEJGP #DYGJTU[UVGOU MCPP OCP FWTEJ M×PUVNKEJG #RRNKMCVKQP XQP ,# QFGT
/G,# KP XKGNGP 5[UVGOGP 5EJ…FNKPIUDGHCNN KOKVKGTGP WPF FKG GPVURTGEJGPFG#PVYQTV
FGT 2HNCP\G CWUNÑUGP 5Q KPFW\KGTV ,# FKG $KQU[PVJGUG XQP &WHVUVQHHGP 6CZQN
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#NMCNQKFGP )NWEQUKPQNCVGP ’VJ[NGP ,+2U 












































Abb. 5: Octadecanoid-Pathway. LA=Linolensäure; 13-HPOT=(9=),(11(),(15=)-(136)-Hydro-
peroxyoctadeca-9,11,15-triensäure; 12,13-EOLA=(9=),(15=)-12,(136)-Epoxyoctadeca-9,11,15-
triensäure; 12-OPDA= (95,136)-12-Oxophytodiensäure; OPC= (95,136)-3-Oxo-2-(2'-pentenyl)-











 \WYGNEJGO ,# NGKEJV ×DGT FKG ’PQNHQTO VCWVQOGTKUKGTV +O 6GZV KUV KOOGT FKG
CMVKXGGRK(QTOFGT,CUOQPU…WTGIGOGKPVYGPP×DGT,#WPF,CUOQPU…WTGIGUEJTKGDGP
YKTF





URKGNV GDGPHCNNU DGK FGT RHNCP\NKEJGP #DYGJTTGCMVKQP KP FGT 9WPFCPVYQTV GKPG
GPVUEJGKFGPFG 4QNNG21 $GMCPPV KUV UGKPG 4QNNG DGKO +ORQTV XQP $CPCPGP9QDGK FKG
IGM×JNVGP(T×EJVGYGKV XQT KJTGO4GKHGUVCFKWOIGGTPVGV WPFXGTUEJKHHVYGTFGP WPF
FKG 4GKHWPI GTUV YGPKIG 6CIG XQT #PMWPHV KP ’WTQRC FWTEJ $GICUWPI OKV ’VJ[NGP
CWUIGNÑUVYKTF








XÑNNKI CWHIGMN…TV 7PVGTUWEJWPIGP CP GVJ[NGPWPGORHKPFNKEJGP /WVCPVGP XQP
#TCDKFQRUKU VJCNKCPC JCDGP IG\GKIV FCUU CP FGT 5KIPCNVTCPUFWMVKQP OGJTGTG





























Abb. 6: Ethylen Biosynthese. Die Aminocyclopropan-Carboxylat-Synthase (ACC-Synthase)
spaltet das 6-Adenosylmethionin zur Cyclopropanaminosäure  und . Die ACC-Oxidase
oxidiert das Produkt danach zu Ethylen, Wasser, Blausäure und CO2.
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OÑINKEJUV MNGKPGP )GYGDGDGTGKEJ FGT 2HNCP\G \W DGUEJT…PMGP &CDGK GPVUVGJGP
CWUIGNÑUVFWTEJFKGJ[RGTUGPUKVKXG4GCMVKQP
*4 NQMCNG0GMTQUGPCNUQ$GTGKEJGOKV




0GDGP FGO NQMCNGP <GNNVQF UKPF CP FGT +PHGMVKQPUUVGNNG J…WHKI GKPG 4GKJG XQP












XGTUEJKGFGPG)TWRRGP XQP 242TQVGKPGP 
RCVJQIGPGUKUTGNCVGFRTQVGKPUYKG %JKVKPCUGP



















Abb. 7: Salicylsäure (SA), Methylsalicylat (MeSA)
’KPPKEJVIGTKPIGT#PVGKNFGT5#YKTFKPGKPGOÑINKEJG5RGKEJGTHQTOFKG5CNKE[NU…WTG
βINWEQUKFGWOIGYCPFGNV8KGNGU URTKEJVFCH×TFCUU 5#CWEJFGTOQDKNG 5KIPCNUVQHH
H×TFKG5#4KPPGTJCNDFGT2HNCP\GKUV’UMQPPVGCWEJ/GVJ[NUCNKE[NCV
CNUHN×EJVKIGT















Abb. 8: Modell der Funktionen von Salicylsäure in der Pflanze nach Klessig.27
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1.2.3 Wechselwirkungen zwischen JA, Ethylen und SA
+PFGPNGV\VGP,CJTGPJCVUKEJJGTCWUIGUVGNNVFCUUFKGWPVGTUEJKGFNKEJGP8GTVGKFKIWPIU








1.3.1 Pseudomonas syringae pv. glycinea
’KPGYKEJVKIG4QNNGDGKFGT7PVGTUWEJWPIXQP2HNCP\GP2CVJQIGP9GEJUGNYKTMWPIGP
URKGNV 2 U[TKPICG GKP )TCOPGICVKXGU QDNKICV CGTQDGU UV…DEJGPHÑTOKIGU WPF RQNCT
DGIGK†GNVGU $CMVGTKWO WPF FGUUGP 2J[VQVQZKPG &CU $CMVGTKWO KUV FGT ’TTGIGT FGU
$CMVGTKGPDTCPFGUCWH5QLCRHNCP\GPFCDGKDKNFGPUKEJYCUUGTFWTEJVT…PMVG$GTGKEJG KO
$NCVV FKG UKEJ KO 8GTNCWH FGT -TCPMJGKV KP PGMTQVKUEJG XQP EJNQTQVKUEJGP *ÑHGP
WOIGDGPG <QPGP WOYCPFGNP &C FKGUG -TCPMJGKV XGTOGJTV PCEJ 2GTKQFGP M×JNGT
9KVVGTWPI CWHVTKVV YKTF 2 U[TKPICG RX IN[EKPGC CWEJ CNU GKP V[RKUEJGU
-CNVYGVVGTRCVJQIGP DG\GKEJPGV28 &KG 5EJ…FGP FKG FWTEJ FKGUGU $CMVGTKWO
JGTXQTIGTWHGPYGTFGPUKPFFCDGKXQPDGVT…EJVNKEJGTYKTVUEJCHVNKEJGT$GFGWVWPI29
2 U[TKPICG RX IN[EKPGC NGDV GRKRJ[VKUEJ CWHFGT$NCVVQDGTHN…EJG QFGT KO$QFGP D\Y
CWH CDIGUVQTDGPGO 2HNCP\GPOCVGTKCN 8QP FQTV FTKPIV FCU $CMVGTKWO ×DGT FKG
5RCNVÑHHPWPIGP 
5VQOCVC CWH FGT $NCVVWPVGTUGKVG QFGT ×DGT MNGKPG 9WPFGP FGT
%WVKMWNCUEJKEJV KP FGP +PVGT\GNNWNCTTCWO FGU $NCVVIGYGDGU 
/GUQRJ[NN GKP +UV FCU
2CVJQIGP GTHQNITGKEJ KP UGKPG 9KTVURHNCP\G GKPIGFTWPIGP DGIKPPV GU UKEJ KO
+PVGT\GNNWNCTTCWO\WXGTOGJTGP6[RKUEJG5[ORVQOGFGU$CMVGTKGPDTCPFGUYGTFGP
 6CIG PCEJ GTHQNITGKEJGT $GUKGFNWPI XQP 2 U[TKPICG RX IN[EKPGC CWH UGKPGT
9KTVURHNCP\GFGT5QLCDQJPGUKEJVDCT
1.3.2 Coronatin und der Indanoyl-Isoleucinmethylester




#OKPQU…WTGFGTKXCV FCU XQP 2 U[TKPICG RX IN[EKPGC UQYKG FGP GPI XGTYCPFVGP
















Abb. 9: Coronatin (COR), Coronafacinsäure (CFA), Coronamsäure (CMA), 12-Oxophytodien-
säure (OPDA), Jasmonsäure (JA)
%QTQPCVKP 
 IKNV CNU GKPYKEJVKIGT8KTWNGP\HCMVQTXQP2 U[TKPICGFGT GPVUEJGKFGPF
CO -TCPMJGKVUXGTNCWH D\Y CP FGT 5[ORVQOCWURT…IWPI DGVGKNKIV KUV33 &CDGK UKPF
%JNQTQUGP FKG V[RKUEJGP 5[ORVQOG FKG DGK GKPGT ITQ†GP #P\CJN XQP 2HNCP\GP
JGTXQTIGTWHGPYGTFGP&CPGDGPDGYKTMVFCU2J[VQVQZKPGKPITQ†GU5RGMVTWOYGKVGTGT
’HHGMVG \$ FKG 8GTUV…TMWPI FGU #DDCWU FGT $NCVVUWDUVCP\ 
5GPGU\GP\ KP
6CDCMRHNCP\GP34 FKG *[RGTVTQRJKG KP -CTVQHHGNMPQNNGP35 FKG +PJKDKGTWPI FGU
9WT\GNYCEJUVWOUKO9GK\GP36FKG5VKOWNCVKQPFGT5VQOCVCÑHHPWPIGPKO4QIIGPFKG
5VKOWNCVKQP FGT ’VJ[NGP$KQU[PVJGUG KO 6CDCM UQYKG FKG 5[PVJGUG XQP 2TQVGKPCUG
+PJKDKVQTGPKP6QOCVGPRHNCP\GP37-40
%QTQPCVKP KUV CWU FGT %QTQPCHCEKPU…WTG 
 %(# WPF FGT %[ENQRTQR[NCOKPQU…WTG
%QTQPCOU…WTG 
 %/# CWHIGDCWV $GK %(# JCPFGNV GU UKEJ WO GKP 2TQFWMV FGU
2QN[MGVKFUVQHHYGEJUGNU DGUVGJGPF CWU FTGK #EGVCVGKPJGKVGP GKPGT $WV[TCV WPF GKPGT
2[TWXCVGKPJGKV &KG DKQU[PVJGVKUEJGP 8QTN…WHGT FGT %/# UKPF CNNQ+UQNGWEKP WPF
+UQNGWEKP &CDGK MÑPPGP CWEJ +UQNGWEKP WPF CNNQ+UQNGWEKP OKV FGT %(# XGTMP×RHV
YGTFGP9…JTGPFFKGUGCDGTYKGFGTURCNVDCTUKPFKUVFCU#OKFFGU%QTQPCVKPUFWTEJ
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Abb. 10: Biosyntheseroute des Coronatins. CFA wird aus drei Acetateinheiten, einer Pyruvat-
und einer Butyrateinheit aufgebaut und dann mit CMA bzw. deren biosynthetischen Vorläufern
verknüpft.
+PVGTGUUCPVGTYGKUG …JPGNV FKG %QTQPCOU…WTG 
 FGT %[ENQRTQRCPCOKPQU…WTG 

YGNEJG FKG 8QTUVWHG FGT ’VJ[NGP$KQU[PVJGUG 
#DD  KUV &KGUG UVTWMVWTGNNG







FGT RHNCP\NKEJGP #DYGJT IGIGP×DGT +PUGMVGP WPF 2CVJQIGPGP URKGNV ’KPKIG YGPKIG
7PVGTUWEJWPIGP JCDGP GTIGDGP FCUU %(#  WPF ,#  UGJT …JPNKEJG DKQNQIKUEJG
#MVKXKV…VGP DGUKV\GP YGPP UKG KP ,CUOQPCVURG\KHKUEJGP 6GUVU GKPIGUGV\V YGTFGP41
$7&&’ WPF7..4+%* MQPPVGP \GKIGP FCUU %(# DGK 5QLCDQJPGP FKG #WUDKNFWPI FGT






Abb. 11: OPDA und Coronatin aufeinander abgebildet.
%QTQPCVKP DGUKV\V \WFGO HWPMVKQPGNNG WPF UVTWMVWTGNNG JPNKEJMGKV OKV FGO
RHNCP\NKEJGP 1EVCFGECPQKF5KIPCNOQNGM×N 1ZQRJ[VQFKGPU…WTG 
 12&# #DD
 GKPGO +PVGTOGFKCV KO 1EVCFGECPQKF9GI WPF UQOKV GKPGT 8QTUVWHG FGT
,CUOQPU…WTG 
 ’U YCT 9’+.’4 
 FGT \GKIVG FCUU FCU 2J[VQVQZKP PKEJV CNU
TGKPGU #PCNQIQP \W ,# IGUGJGP YGTFGP FCTH45 &KG 2QUKVKQPGP FGT %CTDQZ[NITWRRG
UKPF TGNCVKX \WO %[ENQRGPV[NTKPI DGK %QTQPCVKP WPF ,# UGJT WPVGTUEJKGFNKEJ &KGUG
5VTWMVWTGKIGPUEJCHVGP UVKOOGP OKV 12&# 








&KG 6CVUCEJG FCUU %QTQPCVKP DGUVKOOVG #PVYQTVGP FGT 2HNCP\G CPCNQI \W ,# QFGT
12&# CWUNÑUGP MCPP WPF \WFGO CWEJ UEJQP KP XKGN IGTKPIGTGP -QP\GPVTCVKQPGP
























Abb. 12: Transformation der stereochemisch komplexen Coronatinstruktur zum Indanoyl-IleMe-
Konjugat
’T GTUGV\VG FGP %(#6GKN FGU %QTQPCVKPU FWTEJ FKG GKPHCEJ \WI…PINKEJG +PFCPQP
ECTDQPU…WTG &KG YCPPGPHÑTOKIG %(#5VTWMVWT YKTF FCDGK FWTEJ GKPGP RNCPCTGP
$KE[ENWUGTUGV\V&KG%QTQPCOU…WTGYKTFIGIGPKJTGPDKQU[PVJGVKUEJGP8QTN…WHGTFCU






&KG DKQNQIKUEJG #MVKXKV…V FGU -QPLWICVU FGU +UQNGWEKPOGVJ[NGUVGTU  WPF CPFGTGT
+PFCPQ[N#OKPQU…WTGMQPLWICVG NCI KP -QP\GPVTCVKQPUDGTGKEJGP KP FGPGP CWEJ
,CUOQPU…WTG 
 CMVKX KUV <WFGO \GKIVGP FKGUG 5WDUVCP\GP KP $KQCUUC[U UQNEJG
18
4GCMVKQPGP FKG FGPGP PCEJ ,CUOQPU…WTG#RRNKMCVKQP GPVURTGEJGP WPF PKEJV FGPGP
OKV%QTQPCVKP48,55-57
 ’XIWHPLVVLRQEHL3KDVHROXVOXQDWXV
#PJCPF FGT .KOC QFGT /QPFDQJPG YWTFGP DGTGKVU \YGK $GKURKGNG FGT 2HNCP\GP







0GDGP FGT ’KPVGKNWPI KP UVTWMVWTGNNG -NCUUGP N…UUV UKEJ CWEJ GKPG <WQTFPWPI XQP
&WHVUVQHHGP \W DGUVKOOVGP ’NKEKVQTGP D\Y \W (WPMVKQPGP XQTPGJOGP &WTEJ
’NKEKVKGTWPI FGT &WHVUVQHHDKQU[PVJGUG OKV ,CUOQPU…WTG YGTFGP HCUV CNNG OÑINKEJGP
-NCUUGPCP5WDUVCP\GPRTQFW\KGTV&CIGIGPYKTFDGKFGT’NKEKVKGTWPIOKVCDKQVKUEJGP
5VTGUUHCMVQTGP YKG 5EJYGTOGVCNNGP 






QFGT PWT UVCTM GKPIGUEJT…PMV CWH ,G PCEJ ’NKEKVQT QFGT *GTDKXQT GTJ…NV OCP PWP
WPVGTUEJKGFNKEJG/KUEJWPIGPFKGUGTDGKFGP&WHVOWUVGT
0KOOV OCP %QTQPCVKP CNU ’NKEKVQT FCPP GTJ…NV OCP GKP DGUQPFGTU MQORNGZGU
&WHVURGMVTWO 
#DD  &CU 5RGMVTWO DGKPJCNVGV UQYQJN FKG ,#V[RKUEJGP
-QORQPGPVGPYKG1EKOGP.KPCNQQN%*%*1+PFQNWPF%CT[QRJ[NNGPCNUCWEJ























































Abb. 13: Biosynthesewege zu einigen der emittierten Duftstoffe von 3OXQDWXV. DMNT= (()-4,8-
Dimethyl-1,3,7- nonatrien; TMTT= ((,()-4,8,12-Trimethyl-1,3,7,11-tridecatetraen.
5KGJV OCP KO 8GTINGKEJ FC\W FGP $KQCUUC[ OKV +PFCPQ[N+UQNGWEKP-QPLWICV  CNU
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Abb. 14: Duftspektrum nach Elicitierung mit Coronatin, 100 µM (IS: interner Standard)












Abb. 15: Duftspektrum nach Elicitierung mit Indanoyl-Isoleucinmethylester, 100 µM
<KGJVOCPCNNGDKUJGTXQTIGPQOOGPGP$KQCUUC[U KP$GVTCEJVUQMQOOVOCP\WFGO
5EJNWUU FCUU FKG PGWG 8GTDKPFWPIUMNCUUG FGT +PFCPQ[N#OKPQU…WTG-QPLWICVG GKP













/KV FGT ’PVYKEMNWPI FGT +PFCPQ[N+UQNGWEKPOGVJ[NGUVGT-QPLWICVG 
 JCV 6*1/#5
-47// CWU WPUGTGO #TDGKVUMTGKU GKPG PGWG .GKVUVTWMVWT GPVFGEMV &KG 8GTDKPFWPI
\GKIVG KP $KQCUUC[U#MVKXKV…V FKGYGKVIGJGPFFGPGPFGT ,CUOQPU…WTG 
 GPVURTCEJ
9GPPFKGUG8GTDKPFWPI…JPNKEJGDKQNQIKUEJG#PVYQTVGPDGK2HNCP\GPJGTXQTTWHVFCPP




DGMCPPV ’KPG DGUUGTG -GPPVPKU FGT 9KTMWPIUYGKUG FGT ,CUOQPU…WTG WPF KJTGT




 ’TYGKVGTWPI FGT +PFCPQP5VTWMVWT \W GKPGO 9GTM\GWI \WT +FGPVKHK\KGTWPI XQP
4G\GRVQTGPQFGT$KPFGRTQVGKPGPCWH$CUKUFGT2JQVQCHHKPKV…VUOCTMKGTWPI
 8GTDGUUGTWPI FGT UVTWMVWTGNNGP %QTQPCVKP#PCNQIKG FWTEJ *KP\WH×IGP
GPVURTGEJGPFGT5WDUVKVWGPVGPCPFGT2QUKVKQPFGU+PFCPQPU
 3KRWRDIILQLWlWVPDUNHU




FCUU FKG PGWG .GKVUVTWMVWT PKEJV XKGNG 2QUKVKQPGP JCV CP FGPGP UKG QJPG 8GTNWUV CP
#MVKXKV…V XGT…PFGTV YGTFGP MCPP ’U UQNNVG FKG 9CJN GKPGT QRVKOCNGP RJQVQNCDKNGP
)TWRRG WPF KJTGT 2QUKVKQP WPF UEJNKG†NKEJ FKG 5[PVJGUG FGT PGWGP 8GTDKPFWPI
GTHQNIGP
&WTEJ flDGTRT×HWPI FGT DKQNQIKUEJGP #MVKXKV…V YCT UKEJGT\WUVGNNGP FCUU FKG PGWG
8GTDKPFWPI CPCNQIG 4GCMVKQPGP YKG ,CUOQPU…WTG QFGT %QTQPCVKP DGK FGT 2HNCP\G
22











DKU   LG PCEJ $KQCUUC[ +P GKPKIGP 5[UVGOGP MCPP FGT +PFCPQ[N+UQNGWEKP
OGVJ[NGUVGT 
 FKG DKQNQIKUEJGP ’HHGMVG FGU %QTQPCVKPU ICT PKEJV JGTXQTTWHGP &KG











Abb. 16: Coronatin und Indanoyl-Isoleucinmethylester
’U UQNNVGFGUJCNDXGTUWEJVYGTFGPFKG5VTWMVWTCPCNQIKGFGT +PFCPQ[N.GKVUVTWMVWT 
\WO%QTQPCVKP
\WGTJÑJGPWPFFCOKVFKGDKQNQIKUEJG#MVKXKV…VFGT8GTDKPFWPI\W
XGTDGUUGTP ’KP IWVGU %QTQPCVKP/KOKM Y…TG GKP YGTVXQNNGU 9GTM\GWI \WT
7PVGTUWEJWPI FGU 5GMWPF…TOGVCDQNKUOWU KP XKGNGP RHNCP\NKEJGP 5[UVGOGP ’KPG





2JQVQCHHKPKV…VUOCTMKGTWPI KUV UEJQP UGKV FGP UGEJ\KIGT ,CJTGP DGMCPPV &KG XQP
9’56*’+/’4GPVYKEMGNVG/GVJQFGYWTFGUGKVFGOFGWVNKEJYGKVGTGPVYKEMGNVLGFQEJKUV
FCU )TWPFRTKP\KR FCDGK WPXGT…PFGTV IGDNKGDGP <WT 2JQVQCHHKPKV…VUOCTMKGTWPI
DGPÑVKIVOCPGKPNKEJVCMVKXKGTDCTGUEJGOKUEJKPGTVGUTCFKQCMVKXOCTMKGTVGU#PCNQIQP
FGU.KICPFGP KPWPUGTGO(CNNFGU%QTQPCVKPU&KGUGU\GTH…NNVFWTEJ$GUVTCJNWPIWPF
DKNFGV GKPJQEJTGCMVKXGU +PVGTOGFKCVYGNEJGU KTTGXGTUKDGN CPFCU CMVKXG<GPVTWOFGU

























Abb. 17: Schema einer Photoaffinitätsmarkierung
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&WTEJ#WHTGKPKIWPIOKVVGNU5&5)GNGTJ…NVOCPFCUICP\G2TQVGKPOKVFGOOCTMKGTVGP





2JQVQCHHKPKV…VUOCTMKGTWPI UVGNNV KP XKGNGP (…NNGP FKG GKP\KIG /ÑINKEJMGKV FCT
+PHQTOCVKQPGP ×DGT GKPGP 4G\GRVQT \W IGYKPPGP &CDGK KUV JKGT FKG DGUQPFGTG
5EJYKGTKIMGKV FCUU 8GT…PFGTWPIGP FGT 5VTWMVWT FGT ,CUOQPU…WTG 
 \$ FWTEJ
#PDTKPIGPGKPGTRJQVQNCDKNGP)TWRRG \WO8GTNWUV QFGT \WOKPFGUV \W GKPGT UVCTMGP
4GFWMVKQP FGT DKQNQIKUEJGP #MVKXKV…V H×JTGP 5Q KUV FKG 8GTN…PIGTWPI FGT
2GPVGP[NUGKVGPMGVVGOKV URGTTKIGP 4GUVGP UGJT MTKVKUEJ#P FGT WPUWDUVKVWKGTVGP 5GKVG
FGU (×PHTKPIU UKPF MGKPGTNGK 8GT…PFGTWPIGP GTNCWDV &KG 5GKVGPMGVVG OKV FGT
5…WTGHWPMVKQP MCPP \YCT QJPG #MVKXKV…VUXGTNWUV XGTN…PIGTV YGTFGP CDGT ITÑ†GTG
5WDUVKVWGPVGPUKPFPKEJVOÑINKEJ
*KGT MCPPFCU +PFCPQ[N+UQNGWEKP-QPLWICV 
 CNU ,##PCNQIQPYGKVGTJGNHGP&KGUG
PGWG.GKVUVTWMVWTDKGVGVRQVGPVKGNNG(TGKJGKVUITCFGH×TUVTWMVWTGNNG8GT…PFGTWPIGPWPF
NÑUV VTQV\FGO FKG INGKEJG DKQNQIKUEJG #PVYQTV KP 2HNCP\GP CWU YKG ,CUOQPU…WTG 5Q















Abb. 18: Infolge der Keto-Enol-Tautomerie ist die Jasmonsäure an C-7 planar. Beim
Indanonderivat sorgt der aromatische Sechsring für die gleiche Planarität.
&KGUG)TGP\UVTWMVWT FGT-GVQ’PQN6CWVQOGTKGYKTF DGKO +PFCPQPFGTKXCV FWTEJ FKG
2NCPCTKV…VFGUCTQOCVKUEJGP4KPIUGTTGKEJV#WUIGJGPFXQPFGT’PQNHQTOFGT,#Y…TG
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Abb. 19: Mögliche Wasserstoffbrückenbindung der Enolform von JA zu einem Rezeptor oder
Bindeprotein. A=H-Brückenakzeptor.
-47// MQPPVG \GKIGP FCUU UQYQJN FKG GPVURTGEJGPFGP #NMQJQN 6JKQN WPF
1ZKOFGTKXCVG CNU CWEJ FCU %JNQTKPFGPFGTKXCV FGT +PFCPQ[NXGTDKPFWPI CMVKX UKPF
&CIGIGP\GKIVGP8GTDKPFWPIGPQJPGGPVURTGEJGPFG(WPMVKQPCNKUKGTWPICP%MGKPG
#MVKXKV…V
&KGUG +PHQTOCVKQPGP UKPF DGKO ’PVYWTH GKPGU 2JQVQCHHKPKV…VUOCTMGTU WPF FGT FCOKV
XGTDWPFGPGP 8GT…PFGTWPI FGT +PFCPQP5VTWMVWT  \W DGT×EMUKEJVKIGP *KGT DNGKDV
UQOKVXQTCNNGOFGT#TQOCVXQPCNU1TVGKPGTOÑINKEJGP/QFKHK\KGTWPI
3.1.1 Auswahl einer photolabilen Gruppe
+O.CWHGFGT9GKVGTGPVYKEMNWPIFGT2JQVQCHHKPKV…VUOCTMKGTWPIUKPFUGKVFGPUGEJ\KIGT
,CJTGPGKPGICP\G4GKJGRJQVQNCDKNGT)TWRRGPGPVYKEMGNVYQTFGP+JPGPCNNGPNKGIV
FCU 2TKP\KR \WITWPFG PCEJ $GUVTCJNGP OKV GPGTIKGTGKEJGO .KEJV JQEJTGCMVKXG
+PVGTOGFKCVG \W DKNFGP FKG UEJPGNN OKV HWPMVKQPGNNGP )TWRRGP FGT 4G\GRVQTGP






FGT CPFGTGP RJQVQNCDKNGP )TWRRGP UGV\GP UKG DGK $GNKEJVWPI 5VKEMUVQHH HTGK 5KG UKPF














































Abb. 20: Arylazide als Photoaffinitätssonden und ihre Reaktionen mit funktionellen Gruppen von
Proteinen (=Prot)
&KG#TVFGT4GCMVKQPFGU0KVTGPU KUV UGJT UVCTMXQPFGP5WDUVKVWGPVGPFGU#TQOCVGP
CDJ…PIKI 5Q TGCIKGTV FCU RCTC0KVTQCT[NC\KF KP %[ENQJGZCP WPF KP )GIGPYCTV XQP




<YKUEJGPUVWHGPWPF UKPF KPRTQVKUEJGP.ÑUWPIUOKVVGNP UVCDKN +JTG4CFKMCNEJGOKG KUV
FGHKPKGTV &GT 0CEJVGKN NKGIV KO ITQ†GP 4CWODGFCTH &GT U[PVJGVKUEJG #WHYCPF KUV
PKEJVUGJTITQ†\WFGOUKPFGKPKIGFKGUGT8GTDKPFWPIGPMQOOGT\KGNNGTJ…NVNKEJ














Abb. 21: Benzophenone als Photoaffinitätssonden (Prot= Protein).
0CEJ FGT &KTCFKMCNDKNFWPI YKTF \WP…EJUV GKP *#VQO CDUVTCJKGTV WPF FCPCEJ FKG
MQXCNGPVG$KPFWPI\WO4G\GRVQTCWUIGDKNFGV
 ’LD]LULQH
&KC\KTKPGYWTFGP GTUVOCNU  XQP 5/+6* WPF -019.’5 CNU 2JQVQCHHKPKV…VUUQPFGP
XQTIGUEJNCIGP’KPG9GKVGTGPVYKEMNWPIUKPFFKG6TKHNWQTOGVJ[NCT[NFKC\KTKPGFKGUKEJ





















Abb. 22: Diazirine als Photoaffinitätssonden
0CEJ $GUVTCJNGP \GTH…NNV FCU &KC\KTKP \WO %CTDGP QFGT KUQOGTKUKGTV \WT NKPGCTGP
&KC\QXGTDKPFWPI FKG YKGFGTWO \WO %CTDGP \GTH…NNV &KGUGU TGCIKGTV FCPP OKV
XGTUEJKGFGPGPHWPMVKQPGNNGP)TWRRGPKPGKPGT’KPUEJWDTGCMVKQP
3.1.2 Übertragung auf das Indanongerüst
&CU *CWRVRTQDNGO DGK FGT ’TYGKVGTWPI FGU +PFCPQPMQPLWICVU 
 OKV GKPGT
RJQVQNCDKNGP )TWRRG KUV FKG #WHTGEJVGTJCNVWPI FGT DKQNQIKUEJGP #MVKXKV…V FGU
TGUWNVKGTGPFGP2JQVQCHHKPKV…VUOCTMGTU
28
#WUFGP#TDGKVGPXQP-47//YKTFMNCT FCUU UQNEJGFGWVNKEJGP8GT…PFGTWPIGP CO
#OKPQU…WTGVGKN FGU -QPLWICVU PKEJV OÑINKEJ UKPF <W ITQ† KUV UEJQP FGT ’KPHNWUU







 GTIKDV UKEJ FKG 2QUKVKQP FGU +PFCPQPU 




















Abb. 23: Strukturvergleich von Coronatin,  und JA
&GT 2NCV\DGFCTH FGT RJQVQNCDKNGP )TWRRG UQNNVG CP FKGUGT 5VGNNG KO +FGCNHCNN KP FGT









3.1.3 Synthese des Photoaffinitätsmarkers
&KG-WRRNWPIFGT#\KFQKPFCPQPECTDQPU…WTG
OKVGKPGT#OKPQU…WTGUQNNVGPCEJ
FGT DKUJGT XGTYGPFGVGP *1$VCMVKXKGTVGP /GVJQFG OÑINKEJ UGKP ’KPG KPVGPUKXG
.KVGTCVWTTGEJGTEJG \GKIVG H×T FKG 5[PVJGUG FGT UWDUVKVWKGTVGP +PFCPQPG FCUU
DKUJGTMGKPGRCUUGPFHWPMVKQPCNKUKGTVG5WDUVCP\GPDGMCPPVYCTGP











Abb. 24: Retrosynthetische Überlegung zu  und 
&KGXQP-47//DGUEJTKGDGPG5[PVJGUGFGT UWDUVKVWKGTVGP +PFCPQPECTDQPU…WTG 

IGJV XQP FGT MQOOGT\KGNN GTJ…NVNKEJGP QTVJQ%CTDQZ[\KOVU…WTG CWU &KGUG YKTF OKV
9CUUGTUVQHH CP 2F% J[FTKGTV WPF CPUEJNKG†GPF KP GKPGT 5CN\UEJOGN\G CWU
0CVTKWOEJNQTKFWPF#NWOKPKWOVTKEJNQTKFKPVTCOQNGMWNCTE[ENKUKGTV&CDGKDKNFGVUKEJ














Abb. 25: Synthese der Indanoncarbonsäure 
&KGFKTGMVG(WPMVKQPCNKUKGTWPIFGT+PFCPQPECTDQPU…WTGY…TGFGTGKPHCEJUVG<WICPI
\W  IGYGUGP XQT CNNGO FC FKG -GVQ WPF FKG %CTDQZ[HWPMVKQP OGVC WPF FKG
#NM[ITWRRGRCTCFKTKIKGTGPFUKPF,GFQEJ\GKIVGUKEJFCUUCNNG8GTUWEJGFKG2QUKVKQP
\W HWPMVKQPCNKUKGTGP FWTEJ FKG FGCMVKXKGTGPFG 9KTMWPI FKGUGT GTUVIGPCPPVGP
5WDUVKVWGPVGP HGJN UEJNWIGPQFGTFKG IGY×PUEJVG8GTDKPFWPIPWT CNU0GDGPRTQFWMV
GTICDGP
5Q H×JTVGP DGKURKGNUYGKUG CNNG $TQOKGTWPIUXGTUWEJG OKV FGP WPVGTUEJKGFNKEJUVGP
4GCIGP\KGP WPF $GFKPIWPIGP PWT \WT $TQOKGTWPI FGU (×PHTKPIU CDGT PKEJV \WT


























MQPPVGP &CDGK GPVUVGJV FWTEJ 0KVTKGTWPI FKG 8GTDKPFWPI  FKG FCU MQTTGMVG
5WDUVKVWVKQPUOWUVGT
#DDCWHYGKUV&KGUG4GCMVKQPIGNKPIVOKVGKPGT#WUDGWVGXQP









Abb. 27: Reaktion zu 2-2‘-Carboxyethyl-5-nitrobenzoesäure 
.GKFGT KUV DGK FGT  %CTDQZ[GVJ[NPKVTQDGP\QGU…WTG 
 FGT #TQOCV FWTEJ FKG
0KVTQHWPMVKQP PWP UQ UVCTM FGCMVKXKGTV FCUU GKPG (TKGFGN%TCHVU%[ENKUKGTWPI PKEJV
OGJT OÑINKEJ YCT 5GNDUV FKG 8CTKCVKQP XQP .GYKU5…WTGP WPF 6GORGTCVWT DTCEJVG
MGKPG.ÑUWPI
#WU FKGUGO )TWPF OWUU FKG 0KVTQITWRRG KP GKPGP 5WDUVKVWGPVGP OKV CMVKXKGTGPFGT




KP 0CVTKWOJ[FTQZKFNÑUWPI OKV 2CNNCFKWO CWH #MVKXMQJNG CNU -CVCN[UCVQT DGK
4CWOVGORGTCVWTXQTIGPQOOGP0CEJFGT*[FTKGTWPIYKTFFGT-CVCN[UCVQTCDHKNVTKGTV













Abb. 28: Hydrierung der Nitrogruppe
(×TFGPPCEJHQNIGPFGP4KPIUEJNWUUKUVGKPG5EJWV\ITWRRGGTHQTFGTNKEJ7OFCU#OKP














Abb. 29: Schutz der Aminofunktion als N-Acetylaminogruppe 
















Abb. 30: Intramolekulare Friedel-Crafts-Acylierung von 
(×TFKG&KC\QVKGTWPIFGU#OKPUWPFFGT6TCPUHQTOCVKQP\WO#\KFOWUU\WP…EJUV
FKG5EJWV\ITWRRGUCWGTGPVHGTPVYGTFGP&CU#OKPYKTFFCPCEJKP(NWQTQDQTU…WTG
IGNÑUV WPF WPVGT -×JNWPI FWTEJ <WICDG XQP Y…UUTKIGT 0C01.ÑUWPI FKC\QVKGTV















Abb. 31: Synthese der Azidofunktion
&KG -WRRNWPI OKV FGO .+UQNGWEKPOGVJ[NGUVGT IGNKPIV PCEJ GKPGO 2TQVQMQNN XQP














Abb. 32: Knüpfung der Amidbindung zwischen  und dem Isoleucinmethylester
&WTEJ FKGUG UKGDGP 4GCMVKQPUUEJTKVVG GTJ…NV OCP FGP MCNVGP  RQVGPVKGNNGP
2JQVQCHHKPKV…VUOCTMGT  KP GKPGT IWVGP )GUCOVCWUDGWVG XQP  &KG 5WDUVCP\
GTYGKUVUKEJKO&WPMGNPWPFHGUVGP<WUVCPFCNUUGJTUVCDKN&KG)GUCOVTGCMVKQPKUVKP
#DD\WUCOOGPIGHC†V
7OFKG ’KIPWPI FKGUGT PGWGP8GTDKPFWPI CNU 2JQVQCHHKPKV…VUOCTMGT UKEJGT\WUVGNNGP
O×UUGPXGTUEJKGFGPG’KIGPUEJCHVGPIGVGUVGVYGTFGP<WP…EJUVOWUUOCPUKEJGTUVGNNGP
FCUU FKG PGWG8GTDKPFWPI CWEJYKTMNKEJOKV FGP INGKEJGP4G\GRVQTGP D\YOKV FGP
INGKEJGP $KPFGRTQVGKPGPYKG ,# WPF%QTQPCVKPYGEJUGNYKTMV CNUQ QD FGT/CTMGT KP
FGT2HNCP\GCWEJFKGINGKEJGDKQNQIKUEJG#MVKXKV…V\GKIVYKGFGT1TKIKPCNNKICPF
<WFGO KUV \W \GKIGP FCUU FKG RJQVQNCDKNG )TWRRG DGK $GUVTCJNWPI OKV 78.KEJV
\GTH…NNVWPFGKPTGCMVKXGU+PVGTOGFKCVDKNFGVYGNEJGUFCPPOKVFGP4G\GRVQTTGCIKGTV





















































Abb. 33: Gesamtreaktionssequenz zum 6-Azido-4-indanoyl-L-Isoleucinmethylester 






9KG UEJQP KP FGT ’KPNGKVWPI DGUEJTKGDGP \GKIV FKG .KOCDQJPG GKP CWUIGURTQEJGP
MQORNGZGU&WHVOWUVGTFGUUGP<WUCOOGPUGV\WPIFWTEJFGP’NKEKVQTDGUVKOOVYKTF
&KG PGWG 8GTDKPFWPI UQNNVG GKP &WHVURGMVTWO CWHYGKUGP FCU FGO PCEJ FGT
’NKEKVKGTWPI OKV %QTQPCVKP 
 D\Y OKV FGO +PFCPQ[N.+NUQNGWEKPOGVJ[NGUVGT 

GPVURTKEJV &CU)%2TQHKN FGU &WHVGU PCEJ ’NKEKVKGTWPIOKV GKPGT .ÑUWPI FGU #\KFQ
+PFCPQ[N.+UQNGWEKPOGVJ[NGUVGTU 
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Abb. 34: Duftspektrum der Limabohne nach Elicitierung mit  (IS= interner Standard)
&CU %JTQOCVQITCOO \GKIV CNNG 8GTDKPFWPIGP FKG H×T OKV ,CUOQPU…WTG KPFW\KGTVGP
&WHV V[RKUEJ UKPF1EKOGP.KPCNQQN%*%*1 +PFQN WPF%CT[QRJ[NNGP&C\W




#DD   #DD  FGWVNKEJ FCUU UKEJ FGT %QTQPCVKPEJCTCMVGT FGU &WHVGU FWTEJ
’KPH×JTWPIFGU#\KFUIGIGP×DGTFGO&WHVRTQHKNPCEJ’NKEKVKGTWPIOKV GTJÑJVJCV
&KG *QOQVGTRGPG WPF /G5# JCDGP FGWVNKEJ \WIGPQOOGP WPF FCU 8GTJ…NVPKU
\YKUEJGPFGOFWTEJ,#KPFW\KGTVGP&WHVOWUVGTWPFFGO#NCOGVJKEKP5VTGUU/WUVGT
KUV KFGPVKUEJ OKV FGO KO %QTQPCVKP&WHV +PUIGUCOV KUV CNNGTFKPIU FKG /GPIG FGT










Ergebnisse und Diskussion 35
9KTMWPIFGU’NKEKVQTU\W NKGIGP9GKVGTG7PVGTUWEJWPIGP KPFKGUGO<WUCOOGPJCPI
YGTFGPKP-CRKVGNGTN…WVGTV






’KP \YGKVGT $KQCUUC[ FGT CP FKGUGT 5VGNNG FKG DKQNQIKUEJG #MVKXKV…V FGU /CTMGTU




CP <…WPGP $×UEJGP QFGT $…WOGP HGUV\WJCNVGP $GT×JTV GKPG UQNEJG 4CPMG GKPGP













+P #DD  UKPF FKG ’HHGMVG PCEJ #RRNKMCVKQP XGTUEJKGFGPGT -QP\GPVTCVKQPGP FGU
#\KFQKPFCPQ[N.+UQNGWEKPOGVJ[NGUVGTU 
 KO 8GTINGKEJ \W GKPGT ,CUOQPU…WTG
2QUKVKX-QPVTQNNGWPFGKPGT9CUUGT0GICVKX-QPVTQNNGIG\GKIV
 
Abb. 36: Rankenkrümmung bei %U\RQLD GLRLFD in Wasser, in Lösungen mit verschiedenen
Konzentrationen von  und in Jasmonsäurelösung
&KG .GGTRTQDG \GKIV MGKPG 4GCMVKQP &KG DGKFGP JÑJGTGP -QP\GPVTCVKQPGP FGT
’NKEKVQTNÑUWPIGPUQYKGFKG,CUOQPU…WTGNÑUWPIH×JTGP\WGKPGTUVCTMGP5RKTCNKUKGTWPI
&KGUGJTUEJYCEJG4CPMGPMT×OOWPIDGKµ/FGWVGVFCTCWHFCUUKPFKGUGO$GTGKEJ
FKG )TGP\MQP\GPVTCVKQP NKGIV FKG \WT #WUNÑUWPI FGT 4GCMVKQP DGK FGT 4CPMG
PQVYGPFKI KUV &KGUG NKGIV WO FGP (CMVQT  DKU  WPVGTJCND FGT XQP ,CUOQPU…WTG
LGFQEJKOOGTPQEJDKUHCEJJÑJGTCNUFKGXQP%QTQPCVKP
#WEJKPFKGUGO$KQCUUC[\GKIVUKEJYKGFGTGKP…JPNKEJGU’TIGDPKUYKGDGKO&WHVCUUC[
%QTQPCVKPYKTMV UEJQP KP FGWVNKEJ IGTKPIGTGP-QP\GPVTCVKQPGP CNU ,CUOQPU…WTG &CU








’U KUV LGFQEJ CP\WPGJOGP FCUU FKG ,+2U GKPG YKEJVKIG 4QNNG DGK OKMTQDKGNNGP
+PHGMVKQPGPURKGNGPUQKUV,+2\$GKP$NCVV6JKQPKPOKVJQJGT(WPIK\KV…V
H2O 20µM 50µM 100µM JA (2mM)
Ergebnisse und Diskussion 37
+P HT×JGTGP 8GTUWEJGP YWTFG DGTGKVU FKG #MVKXKGTWPI FGT )GPGZRTGUUKQP H×T FCU
2TQVGKP ,+2  FWTEJ +PFCPQPG IGVGUVGV &KGU IGUEJCJ YKG CWEJ DGKO #\KF KP
-QQRGTCVKQPOKV9#56’40#%-XQO+2$KP*CNNG





Abb. 37: Northernblot der JIP 23 Genexpression nach 24 h an Gerste mit Azidoindanon-
Isoleucinmethylester  als Elicitor.




\GKIV UEJQP DGK µ/ GKPG FGWVNKEJ UV…TMGTG ’ZRTGUUKQP (×T %QTQPCVKP UKPF UEJQP













FWTEJ ’KPH×JTWPI FGU #\KFU CP FKG +PFCPQP.GKVUVTWMVWT  FKG UVTWMVWTGNNG
JPNKEJMGKV\W%QTQPCVKPWPFUQOKVFKGDKQNQIKUEJG#MVKXKV…VUVCTMGTJÑJVYWTFG
3.1.5 Photolyse und Ausbildung eines reaktiven Intermediates
9KG UEJQP KP -CRKVGN  IG\GKIV YWTFG JCDGP FKG #T[NC\KFG XGTUEJKGFGPG
/ÑINKEJMGKVGPPCEJ$GUVTCJNGPOKV78.KEJV\W\GTHCNNGPWPFOKVGKPGO4G\GRVQT\W
TGCIKGTGP &KG 5WDUVKVWGPVGP CO #TQOCVGP DGGKPHNWUUGP FCDGK FKG RJQVQEJGOKUEJG
4GCMVKQP WPF RT…IGP FKG 4GCMVKXKV…V FGU IGDKNFGVGP +PVGTOGFKCVGU &CU XGTGKPHCEJVG
5EJGOC 














Abb. 38: Ausbildung des Singulett-Nitrens  aus dem Azid  nach Bestrahlen mit UV-Licht
&CU5KPIWNGVV0KVTGPTGCIKGTV KPGKPGTWPURG\KHKUEJGP’KPUEJWDTGCMVKQPOKVDGNKGDKIGP
#OKPQU…WTGP QFGT OKV FGO .ÑUWPIUOKVVGN &CU &KFGJ[FTQC\GRKP TGCIKGTV FCIGIGP
PWTOKVIGGKIPGVGP0WENGQRJKNGP\$%[UVGKPWPF*KUVKFKPUGKVGPMGVVGP*…WHKIUKPF
#OKPQU…WTGP OKV *[FTQZ[NITWRRGP QFGT RTQVQPKGTVGP 5GKVGPMGVVGP YKG .[UKP PKEJV
PWENGQRJKNIGPWI&KG4CFKMCNEJGOKGFGU6TKRNGVV0KVTGPU KUVPKEJVIWVXQTCWUUCIDCT
&KG#TVFGU TGCMVKXGP +PVGTOGFKCVU URKGNV UQOKV GKPGYKEJVKIG4QNNG \WO8GTUV…PFPKU
FGT 2JQVQEJGOKG FGU /CTMGTU ’U KUV FGUJCND P×V\NKEJ \W YKUUGP YGNEJG TGCMVKXG
5RG\KGU UKEJ XQTYKGIGPF DKNFGV <WFGO OWUU OCP \GKIGP FCUU FGT
2JQVQCHHKPKV…VUOCTMGT YKTMNKEJ GKPG MQXCNGPVG $KPFWPI OKV GKPGO <KGNOQNGM×N
CWUDKNFGPMCPPYGPPGTDGUVTCJNVYKTF


































Abb. 39: Mechanistische Alternativen der Kupplung von Arylnitrenen an biologische
Rezeptoren.65 ISC: ,QWHUV\VWHP&URVVLQJ
(×T FKGUGP 8GTUWEJ YWTFG  KP 6*( IGNÑUV 
O/ WPF OKV GKPGO HCEJGP































Abb. 40: Hauptprodukte (, ) der Reaktion von  in THF in Gegenwart von Diisopropylamin




3.1.6 Bestimmung der Reaktionsordnung bei Zerfall
/KV GKPGO …JPNKEJGP 8GTUWEJUCWHDCW YWTFG FKG 4GCMVKQPUQTFPWPI FGU







F EO XQTIGPQOOGP&KG .ÑUWPIYWTFG \W XGTUEJKGFGPGP <GKVRWPMVGP
PCEJ$GIKPPFGT$GUVTCJNWPICO785RGMVTQOGVGTXGTOGUUGP
#DD
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Abb. 41: UV-Spektren des Reaktionsgemisches von  und Diisopropylamin nach
unterschiedlichen Belichtungszeiten
6T…IVOCPFKG<WPCJOGFGT#DUQTRVKQPFGU%JTQOQRJQTU=∆#?IGIGPFKG<GKVCWHUQ
GTJ…NV OCP GKPG -WTXG 
#DD  CWU FGT OCP FKG *CNDYGTVU\GKV WPF FKG
4GCMVKQPUQTFPWPI GTOKVVGNP MCPP 7O FKG (GJNGT FWTEJ #DUQTRVKQP FGU ’FWMVGU
OÑINKEJUVIGTKPI\WJCNVGPYWTFGFKG<WPCJOGFGT#DUQTRVKQPDGKPOIGOGUUGP


























#WUFGT6CVUCEJGFCUU GU UKEJWOGKPG4GCMVKQP GTUVGT1TFPWPIJCPFGNV MCPPOCP
CDNGKVGPFCUUGUGKPGKPHCEJGT<GTHCNN KUVFGTPWTXQPFGT-QP\GPVTCVKQPFGU’FWMVGU
DGGKPHNWUUVYKTFWPFMGKPGNCPINGDKIGP<YKUEJGPUVWHGPDGKPJCNVGV
3.1.7 Überprüfung der Reaktionsfähigkeit mit Makromolekülen
0GDGPFGT4GCMVKQPUH…JKIMGKVOKVMNGKPGP0WENGQRJKNGPYKGFGO&KKUQRTQR[NCOKPYCT
CWEJKPVGTGUUCPVQDFGTRQVGPVKGNNG2JQVQCHHKPKV…VUOCTMGTCW†GTFGOOKVPWENGQRJKNGP
5GKVGPMGVVGP XQP 2TQVGKPGP TGCIKGTGP MCPP 7O FKGUG ’KIGPUEJCHV \W ×DGTRT×HGP
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Abb. 43: MALDI-TOF Spektren von a) Myoglobin; b) Myoglobin mit Azid bestrahlt
&KGUG#FFWMVDKNFWPIKUVPCV×TNKEJXÑNNKIWPURG\KHKUEJ5KGMQOOVOÑINKEJGTYGKUGPWT
FCFWTEJ\WUVCPFGFCUUUKEJGKP6GKNFGUKOITQ†GPflDGTUEJWUU\WIGIGDGPGP/CTMGTU
CP J[FTQRJQDG $GTGKEJG FGU 2TQVGKPU CPNCIGTV WPF FCPP FQTV PCEJ $GUVTCJNWPIOKV
FGO/[QINQDKP TGCIKGTV &GPPQEJ GTDTKPIV FKGUGT 8GTUWEJ FGP0CEJYGKU FCUU GKPG
MQXCNGPVG$KPFWPICWEJOKV/CMTQOQNGM×NGPCWUIGDKNFGVYGTFGPMCPP
3.1.8 Fluoreszenz des Zerfallsproduktes

















Abb. 44: Hauptprodukt des Bestrahlungsversuchs aus Kapitel 3.1.5
5EJQPY…JTGPFFGT4GCMVKQPUMQPVTQNNGOKVVGNU&%H…NNVFKGJGNNDNCWG(NWQTGU\GP\FGU
2TQFWMVGU CWH &KG GPVURTGEJGPFG (NWQTGU\GP\OGUUWPI \GKIV GKPG UVCTMG #DUQTRVKQP
DGKPOWPFGKPG’OKUUKQPWOFKGPO
#DD
220 300 400 500 600 700
Ex Em
>QP@
Abb. 45: Fluoreszenzspektrum  Ex:375 Em: 486 in Acetonitril
’U UVGNNVG UKEJ FKG (TCIG QDOCP FKG UVCTMG (NWQTGU\GP\ PKEJV \WT&GVGMVKQP DGK FGT
2JQVQCHHKPKV…VUOCTMKGTWPI PWV\GP MCPP &KG &GVGMVKQP OKVVGNU (NWQTGU\GP\ UVCVV
4CFKQCMVKXKV…V Y…TG \YCTYGPKIGT GORHKPFNKEJ CDGT FGWVNKEJ GKPHCEJGT DKNNKIGT WPF
Y×TFGMGKPG5[PVJGUGOKVTCFKQCMVKXGP8QTUVWHGPGTHQTFGTP
7O FKGUG /ÑINKEJMGKV \W ×DGTRT×HGP YWTFG FCU OCTMKGTVG  /[QINQDKP CWU FGO
8GTUWEJ KP -CRKVGN  
5GKVG  OKV GKPGO (NWQTGU\GP\OKMTQUMQR CWH UGKPG
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Abb. 46: Fluoreszenzmikroskopaufnahmen (links: Hellfeld, rechts: Fluoreszenz)
7O CWU\WUEJNKG†GP FCUU GU UKEJ DGK FKGUGT (NWQTGU\GP\ WO #TVGHCMVG GKPIGNCIGTVGT
/CTMGTJCPFGNVFKGPKEJVMQXCNGPVCPFCU2TQVGKPIGDWPFGPUKPFYWTFGFCU2TQFWMV




Abb. 47: HPLC-Chromatogramme von a) Myoglobin und b) Myoglobin mit Azid bestrahlt.
schwarz: UV 214 nm; grau: Fluoreszenz Em 375 nm Ex 484 nm (Bedingungen siehe Seite 100)
+O %JTQOCVQITCOO C KUV TGKPGU /[QINQDKP XGTOGUUGP YQTFGP WPF GU KUV MGKPG
(NWQTGU\GP\\WGTMGPPGP$GKDFCIGIGP KUVFGT782GCM UGJTXKGN DTGKVGTWPFOCP
UKGJVGKPGUVCTMG(NWQTGU\GP\FKG\GKVNKEJXGTUGV\VKJT/CZKOWOJCV&KGUGU/CZKOWO
KUVWOECOKPXGTUEJQDGPWPFUQOKVPKEJVOKVFGO.GGTXQNWOGP\YKUEJGP78WPF












#DD KUVPWT/[QINQDKP\WFGVGMVKGTGP +OYGKVGTGP<GKVXGTNCWH UEJNKG†GP UKEJ
FKG$GTGKEJGFGTXGTUEJKGFGPGP/[QINQDKP#\KF#FFWMVG
CPFKGUKEJIGIGPUGKVKI
UVCTM ×DGTNCRRGP &KGUG 6CVUCEJG OCEJV FKG IGPCWG #PCN[UG MQORNK\KGTV FC FKG
/CUUGP CWU FGP OGJTHCEJ IGNCFGPGP +QPGP FGT 2TQVGKPG FWTEJ &GMQPXQNWVKQP













0 1 2 3 4
(TIC)
Abb. 48: Schematische Darstellung der Verteilung der verschiedenen Markeraddukte (1-4) am
Myoglobin (0) im Peak.
&KGUGT 8GTUWEJ \GKIV FCUU FKG DGQDCEJVGVG (NWQTGU\GP\ FGU /[QINQDKPU VCVU…EJNKEJ
FWTEJ FKG /CTMGTCFFWMVG \WUVCPFG MQOOV WPF FCUU FCFWTEJ FKG &GVGMVKQP UGJT
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IGTKPIGT/GPIGP2TQVGKPUOÑINKEJKUV’UKUVCNNFGTKPIU\W×DGTRT×HGPQDFKGGPQTOG




3.2.1 Bedeutung und Nutzen
%QTQPCVKP 
 JCV KP FGP XGTICPIGPGP ,CJTGP KOOGT YKGFGT FCU +PVGTGUUG CWH UKEJ
IG\QIGPFCGUFKGDKQNQIKUEJG#MVKXKV…VFGU\GPVTCNGP5KIPCNOQNGM×NU,CUOQPU…WTG

PCEJCJOGP MCPP 0GDGP %QTQPCVKP JCDGP UKEJ CWEJ CPFGTG #OKPQU…WTGMQPLWICVG
XQP%(# 
 KPUDGUQPFGTGOKV0QTEQTQPCOU…WTG .+UQNGWEKPWPF .8CNKP KUQNKGTGP
NCUUGPWPFDKQNQIKUEJG#MVKXKV…VIG\GKIV%QTQPCVKPKPFW\KGTVKPJÑJGTGP2HNCP\GPGKP
YGKVGU 5RGMVTWO XQP #PVYQTVGP FKHHWUG %JNQTQUG 4CPMGPMT×OOWPI CP $T[QPKC






 7PVGTUEJKGFG \GKIGP UEJGKPV %QTQPCVKP IGPGTGNN FKG9KTMWPI FGT
DKQNQIKUEJCMVKXGP5WDUVCP\GPFGU1EVCFGECPQKFYGIUPCEJ\WCJOGP&CDGKKUVH×TFKG
#PYGPFWPI DGUQPFGTU KPVGTGUUCPV FCUU %QTQPCVKP KP FGP OGKUVGP #UUC[U GKPG
FGWVNKEJJÑJGTG#MVKXKV…V\GKIVCNUFKG2HNCP\GPJQTOQPGUGNDUV
&KGUG ’KIGPUEJCHVOCEJV%QTQPCVKP \W GKPGOYKEJVKIGP9GTM\GWI WOFKG9KTMWPI
FGT 1EVCFGECPQKFG \W UVWFKGTGP WPF CNNIGOGKP FGP 5GMWPF…TUVQHHYGEJUGN XQP
2HNCP\GP \W CMVKXKGTGP $GKURKGNUYGKUG UVKOWNKGTV %QTQPCVKP FKG 2TQFWMVKQP FGU
CPVKVWOQTCMVKXGP 2CENKVCZGN 
6CZQNl KP <GNNMWNVWTGP XQP6CZWUOGFKC FGWVNKEJ DGUUGT
CNU,CUOQPU…WTGQFGT/GVJ[NLCUOQPCV
5QNEJG 8GTDGUUGTWPIGP FGT 9GTVUVQHHRTQFWMVKQP CWU 2HNCP\GP JCDGP GKPG ITQ†G
YKTVUEJCHVNKEJG WPF YKUUGPUEJCHVNKEJG $GFGWVWPI &CTCWU GTIKDV UKEJ GKP $GFCTH H×T
ITQ†G/GPIGPFKGUGUJQEJGHHGMVKXGP’NKEKVQTUFGUUGP)GYKPPWPIDKUJGTCWUUEJNKG†NKEJ
×DGT FKG ’ZVTCMVKQP XQP $CMVGTKGPMWNVWT×DGTUV…PFGP IGNKPIV ’KPG GHHK\KGPVG




3.2.2 Synthesen von Coronafacinsäure
$KUJGT IKDV GU \WT &CTUVGNNWPI FGT %QTQPCHCEKPU…WTG 
 GVYC  5[PVJGUGP FKG
RTKP\KRKGNN GKPGT XQP FTGK WPVGTUEJKGFNKEJGP 5[PVJGUGUVTCVGIKGP HQNIGP %(# YWTFG
FWTEJ KPVGT WPF KPVTCOQNGMWNCTG &KGNU#NFGT4GCMVKQPGP KPVTCOQNGMWNCTGP









FKG DKQNQIKUEJG 9KTMWPI XQP %QTQPCVKP FWTEJ GKPG UVTWMVWTGNN …JPNKEJG WPF
U[PVJGVKUEJGKPHCEJGT\WI…PINKEJG8GTDKPFWPI\WGTTGKEJGP
3.2.3 Strukturüberlegungen





FGU +PFCPQPU \GKIV GKPG GTJÑJVG #MVKXKV…V #NNGTFKPIU KUV FKGUGU /QNGM×N FWTEJ FKG
RJQVQNCDKNG )TWRRG PKEJV WPKXGTUGNN GKPUGV\DCT ’TUGV\V OCP FCU #\KF FWTEJ GKPG











Abb. 49: Coronatin  und 6-Ethylindanoyl-Isoleucinmethylester 














































Abb. 50: Schematische Darstellung verschiedener synthetischer Zugänge zur CFA. a) inter- und
intramolekulare Diels-Alder-Reaktionen;81 b) intramolekularer Ringschluss von
Carbonylverbindungen;83 c) Spaltung von tricyclischen Vorstufen.85
50
&KG %QTQPCOU…WTG 
 KUV GDGPHCNNU …W†GTUV CWHYGPFKI \W U[PVJGVKUKGTGP WPF YKTF
FWTEJ KJTG DKQU[PVJGVKUEJG 8QTUVWHG FCU .+UQNGWEKP GTUGV\V &KGUGT 6CWUEJ JCV FGP
0CEJVGKN FCUU FKG #OKFDKPFWPI PWP PKEJV OGJT FWTEJ GKPG ααFKCNM[NKGTVG
#OKPQU…WTGXQT*[FTQN[UGFWTEJ’P\[OGIGUEJ×V\VKUV
3.2.4 Synthese
&GT IGPGTGNNG 7PVGTUEJKGF KP FGT 5[PVJGUG \YKUEJGP FGT #\KFQ  WPF FGT
’VJ[NXGTDKPFWPI NKGIVFCTKPFCUU KO\YGKVGP(CNNGKPG%%$KPFWPIPGWIGMP×RHV
YGTFGP OWUU &KGU IGUVCNVGV UKEJ CWHYGPFKIGT CNU FKG 7OYCPFNWPI GKPGT
0KVTQXGTDKPFWPI\WO#\KF
’KPGOGVCNNMCVCN[UKGTVG%%$KPFWPIUMP×RHWPI×DGTFKG+QFXGTDKPFWPICWUIGJGPF
XQP FGT #OKPQKPFCPQPECTDQPU…WTG 
 














1.) NaNO2 / H+
2.) NaI
Abb. 51: Verworfene Syntheseroute zur Ethylindanoncarbonsäure
9GKN CWEJ CPFGTG /GVJQFGP FGP #TQOCVGP CP FGT 2QUKVKQP \W HWPMVKQPCNKUKGTGP
PKEJVGTHQNITGKEJYCTGP
#DDYWTFGPCEJCNVGTPCVKXGP#PU…V\GPIGUWEJV
’KP GHHK\KGPVGT CNVGTPCVKXGT #PUCV\ NKGHGTV PCEJ \YGK 4GCMVKQPUUEJTKVVGP FWTEJ
#E[NKGTWPIXQP6GVTCJ[FTQPCRJVJCNKP
#DDWPFQZKFCVKXG5RCNVWPIFGU#FFWMVU
\W  FCU TKEJVKIG 5WDUVKVWVKQPUOWUVGT CO#TQOCVGP 
#DD  +P )GIGPYCTV XQP






Abb. 52: Synthese des Diketons aus Tetrahydronaphthalin 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&KG6CVUCEJGFCUUFKGUG4GCMVKQPPWTOKVGKPGT#WUDGWVGXQPCDN…WHVYKTFFWTEJ
GZVTGO DKNNKIG ’FWMVG 
6GVTCJ[FTQPCRJVJCNKP KUV 6GTRGPVKPGTUCV\ WPF GKPG GKPHCEJG
#WHCTDGKVWPIFWTEJ&GUVKNNCVKQPCWUIGINKEJGP
&KG PCEJHQNIGPFG 1ZKFCVKQP OKV Y…UUTKIGT -CNKWORGTQZKFNÑUWPI 
#DD  XGTN…WHV
















Abb. 53: Oxidation über ein Triketon  zur Dicarbonsäure 
&KG 5RCNVWPIUTGCMVKQP ×DGT FCU XKEKPCNG&KMGVQP KUV XQP JQJGO U[PVJGVKUEJGP9GTV
YGKN FCDGK FGT GKPHCEJ WPIGU…VVKIVG 4KPI CWHIGDTQEJGP WPF FKG ×DGTHN×UUKIG \YGKVG
#E[NITWRRGGNGICPVGPVHGTPVYKTF&CUUQGTJCNVGPG2TQFWMVDGUKV\VDGTGKVUFCUTKEJVKIG
5WDUVKVWVKQPUOWUVGT H×T FKG UR…VGTG KPVTCOQNGMWNCTG (TKGFGN%TCHVU#E[NKGTWPI &KG
4GCMVKQPXGTN…WHVOKV#WUDGWVGWPFGTIKDVGKPGPNGKEJVIGNDNKEJGP(GUVUVQHH
&KG DKUJGTKIG 4GCMVKQPUUGSWGP\ MCPP XKGNH…NVKI CPIGYCPFV YGTFGP FGPP FKG
#E[NKGTWPIHWPMVKQPKGTVCPCNQICWEJOKVCPFGTGP5…WTGJCNQIGPKFGP














Abb. 54: Huang-Minlon-Reaktion zur Reduktion der Acetylgruppe
52












Abb. 55: Friedel-Crafts-Acylierung führt zum intramolekularen Ringschluss
(×TFKG-WRRNWPIFGU%(##PCNQIQPUOKVFGO+UQNGWEKPOGVJ[NGUVGT
#DDJCVUKEJ




TGCIGP\ MCPP FKG #WUDGWVG FKGUGT 4GCMVKQP CWH HCUV  IGUVGKIGTV YGTFGP &CDGK
































Abb. 56: Amidkupplung zwischen der Ethylindanoncarbonsäure  und L-Isoleucinmethylester
mit HATU  als Hilfsreagenz
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&KGUG /GVJQFG KUV FGT *1$V/GVJQFG OKV ’VJ[NOQTRJQNKP WPF &%% FGWVNKEJ
×DGTNGIGPYGKNFKG#WUDGWVGJÑJGTKUVUKEJYGPKIGT0GDGPRTQFWMVGDKNFGPWPFUQOKV
FKG#WHCTDGKVWPIFGT4GCMVKQPUOKUEJWPIGKPHCEJGTYKTF
&CU CTQOCVKUEJG #PCNQIQP FGT %QTQPCHCEKPU…WTG KUV KP XKGT GKPHCEJGP 5EJTKVVGP OKV
GKPGT#WUDGWVGXQPOKVUGJTGKPHCEJGP/GVJQFGPI×PUVKIJGT\WUVGNNGP
#DD


































Abb. 57: Übersicht der Gesamtsynthese des Ethylindanoylisoleucinmethylesters 
&CU #OKPQU…WTGMQPLWICV  MTKUVCNNKUKGTV CWU 2GVTQNGWODGP\KP’UUKIGUVGT 
 KP
OQPQMNKPKUEJGP HCTDNQUGP 2TKUOGP &KG 4ÑPVIGPUVTWMVWT 
#DD  YWTFG
FCPMGPUYGTVGTYGKUG XQP &T*GNOCT )ÑTNU XQO +PUVKVWV H×T #PQTICPKUEJG WPF
#PCN[VKUEJG %JGOKG FGT (TKGFTKEJ5EJKNNGT7PKXGTUKV…V ,GPC CWHIGPQOOGP &KG
/GUUDGFKPIWPIGPUKPFFGT.KVGTCVWT\WGPVPGJOGP
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<YGK 2CCTG U[OOGVTKUEJWPCDJ…PIKIGT /QNGM×NG FGU ’VJ[NKPFCPQ[N-QPLWICVU 
NKGIGP \WUCOOGP KP GKPGT ’NGOGPVCT\GNNG &KG DGKFGP CTQOCVKUEJGP 5[UVGOG UKPF
UCPFYKEJCTVKI HKZKGTV WPF YGTFGP FWTEJ \YGK 9CUUGTUVQHHDT×EMGP \YKUEJGP FGP
UEJYCEJ UCWTGP #OKFGP 0* 
0 WPF FGP HTGKGP /QNGM×NQTDKVCNGP FGT
5CWGTUVQHHCVQOG FGT -GVQHWPMVKQPGP 
1 \WGKPCPFGT KP GKPGT CPVK1TKGPVKGTWPI
IGJCNVGP
#DD
&KG 5[PVJGUG FGT ’VJ[NKPFCPQPECTDQPU…WTG 
 
-CRKVGN  DKGVGV GKPG ITQ†G
(NGZKDKNKV…VFCUVCVVFGU#EGV[NEJNQTKFUCWEJCPFGTG5…WTGEJNQTKFGXGTYGPFGVYGTFGP
MÑPPGP
Abb. 58: Röntgenkristallstruktur des Coronatinanalogons 
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FKG +PFWMVKQP FGT $KQU[PVJGUG XQP &WHVUVQHHGP DGK FGT .KOCDQJPG 
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GKPGµ/.ÑUWPIXGTYGPFGVYWTFG










C H O10 16
IS






&CU %JTQOCVQITCOO \GKIV GKPG …JPNKEJ ITQ†G 8KGNHCNV CP &WHVUVQHHGP YKG PCEJ
’NKEKVKGTWPI OKV %QTQPCVKP 
#DD  0KEJV PWT FKG V[RKUEJGP ,#KPFW\KGTDCTGP
&WHVUVQHHG UKPF XQTJCPFGP UQPFGTP CWEJ FKG FTGK DGK #.# QFGT 5VTGUU \W
DGQDCEJVGPFGP -QORQPGPVGP 
  WPF /G5# UKPF UGJT CWUIGRT…IV &KG
*QOQVGTRGPG 




#WEJ SWCPVKVCVKX JCV FKG ’KPH×JTWPI FGT ’VJ[NUGKVGPMGVVG FKG#MVKXKV…V UVCTM GTJÑJV
5GNDUVDGK UGJTIGTKPIGP/GPIGP’NKEKVQT 
µ.GKPGTµ/.ÑUWPIGTJ…NVOCPGKP
\W#DD  KFGPVKUEJGU%JTQOCVQITCOO +OFKTGMVGP8GTINGKEJFGT DGKFGPFWTEJ
WPFKPFW\KGTVGP&WHVRTQHKNGYKTFFGT7PVGTUEJKGFDGUQPFGTUFGWVNKEJ
#DD






















Ergebnisse und Diskussion 57
$GKFG %JTQOCVQITCOOG \GKIGP FKG ,#V[RKUEJGP &WHVMQORQPGPVGP YKG 1EKOGP
.KPCNQQN %* WPF %*1 &KG *QOQVGTRGPG 
&/06 WPF 6/66 UQYKG
/GVJ[NUCNKE[NCV UKPFPWT PCEJ ’NKEKVKGTWPIOKV  \W UGJGP D\Y KO (CNN XQP&/06
FQTV FGWVNKEJ OGJT KPFW\KGTV YQTFGP #PFGTGTUGKVU KUV FWTEJ FKG \WU…V\NKEJG






YGKVCWU JÑJGTG #MVKXKV…V 
6CD  CNU FKG 8GTDKPFWPI  QJPG ’VJ[NITWRRG +O
)GIGPUCV\\WFGPDKUJGTKIGP’TMGPPVPKUUGPMCPPCWEJ GKPG5RKTCNKUKGTWPI KPFGT
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Tab. 1: Vergleich der Aktivität der Indanon-Konjugate mit Coronatin bei der Rankenkrümmung









0GDGP FGP …W†GTNKEJ \W DGQDCEJVGPFGP 4GCMVKQPGP FGT DKQNQIKUEJGP 5[UVGOG CWH
’NKEKVQTGPKUVCWEJFKG$GVTCEJVWPIFGU’KPHNWUUGUCWHFKG2J[VQJQTOQPGYKEJVKI+PFGT
’KPNGKVWPI YWTFG UEJQP DGUEJTKGDGP YGNEJG YGUGPVNKEJG 4QNNG FKG DGKFGP
2J[VQJQTOQPG ,CUOQPU…WTG 
 WPF 5CNKE[NU…WTG 
 KP FGT RHNCP\NKEJGP #DYGJT
URKGNGP&GUJCNDKUVGKPG$GVTCEJVWPIFKGUGT5WDUVCP\GP\WT’KPUEJ…V\WPIFGT9KTMWPI
FGTPGWGP’NKEKVQTGPWPGTN…UUNKEJ
&GT \GKVNKEJG 8GTNCWH GPFQIGPGT ,CUOQPU…WTGNGXGN PCEJ #RRNKMCVKQP XQP %QTQPCVKP
WPF FGO WPUWDUVKVWKGTVGP +PFCPQ[N-QPLWICV  DGK 2JCUGQNWU NWPCVWU YWTFG DGTGKVU
HT×JGT IGOGUUGP #W†GT GKPGO HT×JGP XGTNGV\WPIUDGFKPIVGP #PUVKGI XQP ,# PCEJ

















Abb. 62: Peakflächen entsprechend den endogenen Salicylatleveln nach Elicitierung mit
Ethylindanoyl-Iseucinmethylester 
$GK HT×JGTGP /GUUWPIGP FGT GPFQIGPGP )GJCNVG XQP 5CNKE[NCV ICD GU FCIGIGP
7PVGTUEJKGFG’PVURTGEJGPFFGT’OKUUKQPXQP/GVJ[NUCNKE[NCV OÑINKEJGTYGKUGGKPGT
(QTO FGT ’PVUQTIWPI  H×T ITQ†G 5CNKE[NCVOGPIGP  \GKIV UKEJ DGK
%QTQPCVKPCRRNKMCVKQPGKP#PUVKGIFGTGPFQIGPGP5CNKE[NCVMQP\GPVTCVKQPDGKO+PFCPQP
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 FCIGIGP PKEJV #WU FKGUGO )TWPF YCT FKG 9KTMWPI FGU ’NKEKVQTU  \WT
’KPUEJ…V\WPIFGT%QTQPCVKPCPCNQIKGUGJTYGUGPVNKEJ
9KG UEJQP FWTEJ FCU &WHVRTQHKN CPIGFGWVGV KP FGO ITQ†G /GPIGP /GVJ[NUCNKE[NCV
XQTJCPFGPYCTGP
#DD\GKIVFGT’NKEKVQTGKPGITQ†G9KTMWPICWHFGPGPFQIGPGP
5CNKE[NCVNGXGN 0CEJ UKGDGP 5VWPFGP JCV UKEJ FKG 5CNKE[NU…WTGMQP\GPVTCVKQP KP FGP




#PCNQI \WO 8GTUWEJ OKV FGO 2JQVQCHHKPKV…VUOCTMGT  
5GKVG  YWTFG YKGFGT KP
<WUCOOGPCTDGKVOKV9#56’40#%-CO +2$ KP*CNNGFKG)GPGZRTGUUKQPXQP ,+2 KP
)GTUVGPDN…VVGTPPCEJ’NKEKVKGTWPIOKVFGO%QTQPCVKPCPCNQIQPWPVGTUWEJV
’U YWTFGP EO ITQ†G $NCVVUGIOGPVG XQP  6CIG CNVGP -GKONKPIGP XQP *QTFGWO
XWNICTG XCT 5CNQOˆ H×T J CWH .ÑUWPIGP XQP /G,# CNU 5VCPFCTF WPF XQO
’VJ[NKPFCPQ[N-QPLWICV  CNU 6GUVUWDUVCP\ HNQVKGTV &KG 40#YWTFG GZVTCJKGTV WPF
µI FCXQP OKV OCTMKGTVGT ,+2 E&0# J[DTKFKUKGTV &KG ’ZRQUKVKQPU\GKV DGVTWI
OKP
Abb. 63: Genexpression von JIP 23 in Gerstenblättern nach Behandlung mit MeJA und .
9…JTGPFOKVFGT#\KFQXGTDKPFWPIGKPGz/.ÑUWPIXGTYGPFGVYGTFGPOWUUVG
WO GKPG FGWVNKEJG ’ZRTGUUKQP \W KPFW\KGTGP TGKEJV DGK FGT ’VJ[NXGTDKPFWPI  GKPG
60
z/ .ÑUWPI CWU &KG #MVKXKV…V XQP  H×T FKG ’ZRTGUUKQP FGU ,+2  KUV FCOKV
OKPFGUVGPU GDGPUQ ITQ† YKG FKG FGU ,CUOQPU…WTGOGVJ[NGUVGTU 9KGFGT YWTFG FKG






UEJKGFGPGT ’NKEKVQTGP ×DGTRT×HV ’U \GKIVG UKEJ FCUU /G,# WPF FCU +PFCPQ[N
+UQNGWEKPMQPLWICV
GKPGXGTINGKEJDCTG5VGKIGTWPIFGUGPFQIGPGP0KMQVKPIGJCNVGUKP
FGP 6CDCMRHNCP\GP JGTXQTTKGHGP&KGUG#TDGKVYWTFG  KO#TDGKVUMTGKU XQP 2TQH
$CNFYKP FWTEJIGH×JTV #WEJ FKG 5WDUVCP\  YWTFG CWH GKPG UQNEJG 0+# KP
-QQRGTCVKQPOKV)10<#.’<WPF$#.&9+0IGVGUVGV
&CU ’ZRGTKOGPVYWTFG CPCNQI \WO RWDNK\KGTVGP 8GTUWEJ FWTEJIGH×JTV #O GTUVGP




















Abb. 64: Nikotingehalt der ganzen Pflanze (WP= ZKROHSODQW) in Prozent nach Behandlung mit
verschiedenen Elicitoren (600 nMol)
+PUIGUCOV\GKIGPFKGFTGKXGTYGPFGVGP’NKEKVQTGPMGKPGITQ†GP7PVGTUEJKGFG+PCNNGP
(…NNGP UVGKIV FGT 0KMQVKPIGJCNV KP FGP $N…VVGTP EC WO FCU 5GEJUHCEJG 
EC zI
0KMQVKPOI KO 8GTINGKEJ \WT -QPVTQNNG &GT 0KMQVKPIGJCNV KUV \YCT DGK FGO
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’VJ[NKPFCPQP-QPLWICV  JÑJGT CNU DGK /G,# LGFQEJ KUV FKGUG 5VGKIGTWPI MCWO









9CEJUVWO WPF FCOKV CWH FKG )GYKEJVU\WPCJOG FGT 2HNCP\GP UQ FCUU FKGUG MCWO
ITÑ†GT YWTFGP WPF OCP UQ FGP 0KMQVKPIGJCNV PKEJV XGTINGKEJGP MQPPVG $GVTCEJVGV
OCPKPFKGUGO<WUCOOGPJCPIFKG)GYKEJVU\WPCJOGFGT2HNCP\GPKPFKGUGO8GTUWEJ

#DD  UQ UQNNVG OCP CWHITWPF FGT ITÑ†GTGP 5VTWMVWTCPCNQIKG \W %QTQPCVKP GKPG
UV…TMGTG *GOOWPI FGU 9CEJUVWOU FWTEJ FKG ’VJ[NXGTDKPFWPI  CNU FWTEJ FKG
WPUWDUVKVWKGTVG8GTDKPFWPIGTYCTVGP&GT’NKEKVQTQJPG5WDUVKVWGPVCP2QUKVKQP























































Abb. 66: Benzo[F]phenathridin Alkaloide von (FDOLIRUQLFD
&CDGKYWTFGIG\GKIVFCUU UQYQJN ,#/G,#WPF12&# CNUCWEJXGTUEJKGFGPG
&GTKXCVGXQPFKG2TQFWMVKQPFGT#NMCNQKFGKPFGP<GNNMWNVWTGPKPFW\KGTGPMÑPPGP
1DYQJN CWEJ %QTQPCVKP 
 WPF %(#+NG GKPG ITQ†G DKQNQIKUEJG 9KTMWPI JCDGP
MQPPVGFCU+PFCPQ[N+UQNGWEKPMQPLWICVMGKPGFGWVNKEJG+PFWMVKQPJGTXQTTWHGP
+P FKGUGO $KQCUUC[ GTTGKEJVG  YGFGT FKG 9KTMWPI FGT ,CUOQPU…WTG PQEJ FKG FGU
%QTQPCVKPU ’UYCT FGUJCND XQP DGUQPFGTGO +PVGTGUUG QD FCU ’VJ[NFGTKXCV  FKGUG
’KIGPUEJCHVDGUKV\V
+O #TDGKVUMTGKU XQP 2TQH -WVEJCP YWTFG FGT ’NKEKVQT  CPCNQI \W FGP DKUJGTKIGP
8GTUWEJGP IGVGUVGV &CDGK YWTFG \W LGYGKNU ON <GNNMWNVWTNÑUWPI  D\Y zN


























MeJA IndEt-IleMe Ind-IleMe Kontrolle
Abb. 67: Elicitierungsversuche an (FDOLIRUQLFD zur Alkaloidproduktion (Linie= Kontrolle)
&CU’VJ[NKPFCPQ[N-QPLWICV\GKIVKPFKGUGO$KQCUUC[GKPGIGPCWUQITQ†G#MVKXKV…V
YKG FGT DGUVG DKUJGT DGMCPPVG ’NKEKVQT FGT /GVJ[NGUVGT FGT ,CUOQPU…WTG &KG
’TYGKVGTWPI FGT +PFCPQ[N.GKVUVTWMVWT  \GKIV JKGT UGJT FGWVNKEJ UGKPG 9KTMWPI
<WFGO KUV FKGU GKP UGJT IWVGU $GKURKGN FCUU FKGUG 5WDUVCP\ CWEJ H×T FGP
MQOOGT\KGNNGP’KPUCV\\WT9GTVUVQHHRTQFWMVKQPOKV2HNCP\GP\GNNMWNVWTGPIGGKIPGVUGKP
MÑPPVG
 8QWHUVXFKXQJHQ DQ SIODQ]OLFKHQ 6LJQDO
ZHJHQ
3.3.1 Vergleich von Duftprofilen nach Behandlung mit
verschiedenen Indanoyl-Konjugaten
&KGDKUJGTKIGP8GTUWEJGJCDGPFGWVNKEJIGOCEJVYKGUGJTFKG5VTWMVWTGKPGT5WDUVCP\
KJTG DKQNQIKUEJG9KTMWPI DGUVKOOVY…JTGPFWOIGMGJTV GKPG DGUVKOOVG DKQNQIKUEJG
9KTMWPI PKEJV CWH GKPG GKP\KIG 5VTWMVWT CNU ’NKEKVQT DGUEJT…PMV KUV 5Q CJOV FCU
WPUWDUVKVWKGTVG+PFCPQ[N+UQNGWEKP-QPLWICVFKG9KTMWPIXQP,CUOQPU…WTGUGJT







 WPF  UQYKG  CNU +UQNGWEKPMQPLWICV XGTINGKEJGPF DGVTCEJVGV ’U YWTFG LGYGKNU
JFKG&WHVRTQFWMVKQP CP2JCUGQNWU NWPCVWUOKV z/’NKEKVQTNÑUWPIGP IGOGUUGP
&CPCEJ YWTFGP FKG 2GCMHN…EJGP FGT GKP\GNPGP -QORQPGPVGP XQP OKPFGUVGPU H×PH
%JTQOCVQITCOOGP IGIGP GKPGP KPVGTPGP 5VCPFCTF 
+5 PQTOKGTV WPF KP GKPGO









#DD  &WTEJ FKG9CJN GKPGU GPVURTGEJGPFGP 5WDUVKVWGPVGP N…UUV UKEJ FKG/GPIG















Abb. 68: Einfluss des Substituenten auf die Emission von DMNT, Methylsalicylat und TMTT
(100 µM)
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#WEJ H×T FKG $KQU[PVJGUG XQP 6/66 IKDV GU GKPGP UQNEJGP 6TGPF LGFQEJ KUV FGT




&GT ’KPHNWUU CWH FKG 2TQFWMVKQP XQP /GVJ[NUCNKE[NCV FCIGIGP YKTF PWT FWTEJ FGP
’VJ[NUWDUVKVWGPVGP  XGT…PFGTV *KGT GTJ…NV OCP GKPGP HCEJ GTJÑJVGP 9GTV KO
8GTINGKEJ \W CNNGP CPFGTGP +PFCPQP-QPLWICVGP &KG 9GTVG \GKIGP FCUU FKG
$KQU[PVJGUGFGT*QOQVGTRGPGPKEJVOKVFGT2TQFWMVKQPXQP/GVJ[NUCNKE[NCVIGMQRRGNV
KUV&GPPY…JTGPFFKG*QOQVGTRGPRTQFWMVKQPKPFKGUGT4GKJGFGT’NKEKVQTGP\WPKOOV
UVGKIV FKG /GPIG FGU 5CNKE[NCVU GTUV DGKO ’VJ[NKPFCPQPMQPLWICV  FGWVNKEJ CP
0CV×TNKEJUVCOOVFCU/GVJ[NUCNKE[NCVCWUGKPGOICP\CPFGTGP$KQU[PVJGUGYGICNUFKG
*QOQVGTRGPGCDGTYGKNFKGUG&WHVUVQHHG HCUV KOOGTIGOGKPUCOCWHVTGVGPJ…VVGOCP




(QNIG FGT UVGKIGPFGP 6QZK\KV…V FGU ’NKEKVQTU FKG FWTEJ FKG GTJÑJVG UVTWMVWTGNNG
#PCNQIKG \WO %QTQPCVKP ITÑ†GT YKTF #WEJ FWTEJ -CPCNDKNFPGT YKG #NCOGVJKEKP

#DDYKTFDGKFGT2HNCP\GUGJTITQ†GT5VTGUUCWUIGNÑUVCWHFGPUKGOÑINKEJGTYGKUG
WPVGT CPFGTGO OKV FGT $KQU[PVJGUG XQP 5CNKE[NCV TGCIKGTV +P FKGUGO -QPVGZV UKPF
LGFQEJ PQEJ XKGNG (TCIGP QHHGP 9GNEJG 7TUCEJG JCV FGT 9GEJUGN XQO MQORNGZGP




FGO WPUWDUVKVWKGTVGP +PFCPQP  WPF FGO 0#EGV[NCOKPQ+PFCPQP-QPLWICV 
+NG/G KPFW\KGTV OCP FKG ’OKUUKQP CNNGT &WHVUVQHHG FKG MNCUUKUEJGTYGKUG \WO ,#
KPFW\KGTVGP &WHVOWUVGT IGJÑTGP <W FKGUGP 5WDUVCP\GP FGTGP 2TQFWMVKQP
PQTOCNGTYGKUG FWTEJ FKG 9WPFCPVYQTV FGT 2HNCP\G ×DGT FGP 1EVCFGECPQKFYGI
KPFW\KGTV YKTF IGJÑTGP 1EKOGP FCU WPDGMCPPVG 6GTRGP %* WPF UGKP
1ZKFCVKQPURTQFWMV %*1 
























’VJ[NITWRRG  FKG GOKVVKGTVG /GPIG FKGUGT 5WDUVCP\GP OGJT CNU XGTFQRRGNV D\Y
XGT\YÑNHHCEJV &KGUGU 8GTJ…NVPKU DGK FGT #MVKXKV…V FGT ’NKEKVQTGP KUV OKV FGT DGK FGT
/GVJ[NUCNKE[NCVGOKUUKQP XGTINGKEJDCT /ÑINKEJGTYGKUG IKDV GU DGK FKGUGP 5WDUVCP\GP
GKPGPIGOGKPUCOGP#WUNÑUGTH×TFKGGTJÑJVG$KQU[PVJGUG
’KP -QP\GRV FCU DGK FGT +PVGTRTGVCVKQP FKGUGT ’TIGDPKUUG JGNHGP MCPP KUV FCU FGU
%TQUUVCNMU  FGT 9GEJUGNYKTMWPI \YKUEJGP FGO 1EVCFGECPQKFYGI FGT KO
#NNIGOGKPGP H×TFCU ,# KPFW\KGTVG&WHVOWUVGT \WUV…PFKI KUVWPFFGUUGP +PJKDKGTWPI




FGT PCEJHQNIGPFGP’NKEKVKGTWPIOKV%GNNWN[UKP GPVUVGJV MGKP&WHVOWUVGT FCU FGO ,#
KPFW\KGTVGP CPCNQI KUV QDYQJN %GNNWU[UKP GKPG 9WPFCPVYQTV FGT 2HNCP\G FWTEJ
#MVKXKGTWPIFGU1EVCFGECPQKFYGIUCWUNÑUV&GT)TWPFKUVFKG+PJKDKGTWPIGDGPFKGUGT
5KIPCNMGVVGFWTEJFCU5CNKE[NCV

















Abb. 70: Einfluss der Struktur des Indanons auf die Emission von Indol, Anthranilsäuremethyl-
ester (AnthranilMe), Caryophyllen und ein noch unbekanntes Sesquiterpen
#WEJJKGT UKGJVGUUQCWUCNUQDFKGEQTQPCVKP…JPNKEJGP +PFCPQPGWPFFKGFKG
2TQFWMVKQP GPFQIGPGP 5CNKE[NCVGU CWUNÑUGP 
5GKVG  FKG -QORQPGPVGP FGU ,#
KPFW\KGTVGP&WHVGU TGFW\KGTGP/CP MÑPPVG FKGUYKGFGTWO CWH GKPG +PJKDKGTWPI FGU
1EVCFGECPQKFYGIU \WT×EMH×JTGP ,GFQEJ FCTH OCP PKEJV XGTIGUUGP FCUU FKGUG
’NKEKVQTGP LC ICT PKEJV UGNDGT FGP 1EVCFGECPQKFYGI CMVKXKGTGP UQPFGTP FKTGMV GDGP
FKGUG QFGT PQEJ WPDGMCPPVG 1EVCFGECPQKFG PCEJCJOGP WPF FCFWTEJ FKG
&WHVRTQFWMVKQPCWUNÑUGP&KGUGTCWUNÑUGPFG/GEJCPKUOWUUQNNVGFGOPCEJPKEJVFWTEJ
5#IGJGOOVYGTFGPMÑPPGP
’U MÑPPVG DGK FKGUGO TGNCVKXGP 8GTINGKEJ FGT &WHVMQORQPGPVGP CWEJ GKPHCEJ GKPG
-QPMWTTGP\WO\GNNWN…TG4GUUQWTEGPCWHVTGVGP5QYQJN/QPQVGTRGPGYKG1EKOGPCNU
CWEJ FKG XGTUEJKGFGPGP CPFGTGP 6GTRGPQKFG JCDGP FCU +UQRGPVGP[NFKRJQURJCV CNU
8QTUVWHG DGK FGT $KQU[PVJGUG 
#DD  5QOKV DGUEJT…PMV FGUUGP 8QTTCV FKG
)GUCOVOGPIGFGTRTQFW\KGTVGP6GTRGPG/CPUQNNVG KPCNNGP8GTUWEJGPDGKFGPGPGU
WO FKG 8GTJ…NVPKUUG FGT VGTRGPCDIGNGKVGVGP &WHVUVQHHG WPF &WHVOWUVGT \WGKPCPFGT
IGJV FKGUG 6CVUCEJG DGK FGT +PVGTRTGVCVKQP FGT ’TIGDPKUUG PKEJV CWU FGP #WIGP
XGTNKGTGP
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3.3.2 „Crosstalk“ – Die Wirkung von Salicylat auf den Octadeca-
noidweg
&KG(QTUEJWPICPFGT9GEJUGNYKTMWPIWPF +PJKDKGTWPI \YKUEJGP ,#WPF5#OCEJV
GKPGNGKUVWPIUH…JKIG#PCN[VKMH×TFKGUG2J[VQJQTOQPGGTHQTFGTNKEJ<WU…V\NKEJOWUUVG
H×T FKG 7PVGTUWEJWPIGP \WT +PJKDKGTWPI FGU 1EVCFGECPQKFYGIU FWTEJ 5# GKPG
/GUUOGVJQFGH×T12&#CNU<YKUEJGPUVWHGFGT,#$KQU[PVJGUGGPVYKEMGNVYGTFGP
+PVGPUKXG 5VWFKGPXGTUEJKGFGPGT-CPCNDKNFPGT CPFGT KPVTC\GNNWN…TGP/GODTCPJCDGP
FKG DKQNQIKUEJG 9KTMWPI FKGUGT PGWGP -NCUUG XQP ’NKEKVQTGP FGU
5GMWPF…TOGVCDQNKUOWU XQP 2HNCP\GP WPVGTUWEJV &KGUG -CPCNDKNFPGT UKPF \$
2GRVCKDQNGFGTGP’HHGMVGCNU#PVKDKQVKMCDGTGKVUUGJTIWVWPVGTUWEJVUKPF+JTG9KTMWPI
CWH 2HNCP\GP YCT DKUJGT LGFQEJ YGKVIGJGPF WPDGMCPPV $GK FGP XQP ’0)’.$’46*
FWTEJIGH×JTVGP 7PVGTUWEJWPIGP YCT FCU GOKVVKGTVG &WHVOWUVGT XQP GNKEKVKGTVGP
.KOCDQJPGPDN…VVGTPXQPDGUQPFGTGO+PVGTGUUG











#.# PWT KP -QP\GPVTCVKQPGP XQP R/ GPVJCNVGP KUV GKPG DKQNQIKUEJG #PVYQTV KP
(QTOXQPGOKVVKGTVGP/GPIGP&/066/66WPF/GVJ[NUCNKE[NCVJGTXQT\WTWHGP&GT
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&WHV XQP 2 NWPCVWU GPVJ…NV KP FKGUGP ’ZRGTKOGPVGP PGDGP FKGUGP DGKFGP




HCEJ FKG FKG ITQ†GP /GPIGP GOKVVKGTVGP /GVJ[NUCNKE[NCVU
GTMN…TGPCWEJGKPGGPQTOG5VGKIGTWPIFGU,#)GJCNVGUFGT$N…VVGTGTHQNIV
HCEJFGT
UR…VGT YKGFGT DKU CWH FGP )TWPFNGXGN CDPKOOV 
#DD  &KGUGT 8GTNCWH FGT ,#




























Abb. 72: Zeitabhängige Bestimmung der endogenen JA (s) und SA (n) Konzentrationen nach
ALA-Elicitierung (Kontrolle: l)
%GNNWN[UKP GKPG TQJG /KUEJWPI XQP %GNNWNCUGP FGU RCTCUKV…TGP 2HNCP\GPRKN\GU
6TKEJQFGTOCXKTKFGKUVGKPRQVGPVGT’NKEKVQTFGT2HNCP\GPFWHVDKQU[PVJGUG’UJCPFGNVUKEJ
WOGKPG/KUEJWPIOGJTGTGT<GNNYCPFCDDCWGPFGT’P\[OGFKGKPXKGNGP2HNCP\GPGKP
&WHVOWUVGT JGTXQTTWHGP MCPP FCU FGT $GJCPFNWPIOKV ,# QFGT*GTDKXQTGPHTC† GPV
URTKEJV





XQTKPMWDKGTVGP .ÑUWPI PQEJ /GPIGP XQP 6GTRGPQKFGP FGU %GNNWN[UKPKPFW\KGTVGP
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&WHVGU HKPFGP MQPPVG \GKIVGP FKG \YGKUV×PFKI OKV #.# XQTMKPMWDKGTVGP 2HNCP\GP
MGKPGTNGK &WHVMQORQPGPVGP OGJT FGTGP 2TQFWMVKQP FWTEJ ,# ×DGT FGP
1EVCFGECPQKFYGIKPFW\KGTVYKTF
&KG9KTMWPIFGTITQ†GP/GPIGPFGUFWTEJ#.#’NKEKVKGTWPIRTQFW\KGTVGP5CNKE[NCVU










+P FGP 7PVGTUWEJWPIGP XQP ’0)’.$’46* WPF -1%* YCT FKG $KQU[PVJGUG XQP ,#
QHHGPUKEJVNKEJ PKEJV KPJKDKGTV UQPFGTP FGT GPFQIGPG .GXGN \GKIV FKG V[RKUEJG
#MMWOWNCVKQP KPFGPGTUVGPOKP
#DD +PFGPGTUVGPJ KUVFKG/GPIGCP5#





FKG 5#+PJKDKGTWPI FGU ,#KPFW\KGTVGP &WHVGU IGPCWGT \W WPVGTUWEJGP UQNNVGP FKG
-QP\GPVTCVKQPGP XQP ,# 
 WPF 12&# 




YWTFG CNU GZQIGPG#RRNKMCVKQPUHQTO H×T 5# XGTYGPFGV FC GU GKPG FGWVNKEJ DGUUGTG
9KTMWPI \GKIV&KGUG KUVYCJTUEJGKPNKEJ CWH FKG DGUUGTGP6TCPURQTVGKIGPUEJCHVGPFGT
WPRQNCTGTGP #EGV[NXGTDKPFWPI FWTEJ /GODTCPGP WPF FKG PCEJHQNIGPFG *[FTQN[UG
\WTHTGKGP5CNKE[NU…WTG\WT×EM\WH×JTGP
 4XDQWLIL]LHUXQJGHU2[RSK\WRGLHQVlXUH
+O )GIGPUCV\ \WT GVCDNKGTVGP 3WCPVKHK\KGTWPIUOGVJQFG XQP ,#5#OKVVGNU )%/5
5+/CNU/GVJ[NGUVGTKUVFKGFGTKXCVKUKGTVG12&#PKEJV\WHTKGFGPUVGNNGPF)%I…PIKI
#NNGTFKPIU JCV 12&# FWTEJ FKG \WT -GVQITWRRG MQPLWIKGTVG &QRRGNDKPFWPI GKPGP
ITÑ†GTGP %JTQOQRJQT CNU ,# WPF KUV FGUJCND OKV GKPGO 78&GVGMVQT IWV \W
SWCPVKHK\KGTGP






Abb. 73: OPDA und JA; besserer Chromophor bei OPDA durch konjugierte Doppelbindung am
Keton
&KG #WHCTDGKVWPI FGT 2TQDGP J…NV UKEJ CP FCU 2TQVQMQNN \WT ,#3WCPVKHK\KGTWPI










#DD  \GKIGPFKG GPFQIGPGP-QP\GPVTCVKQPGPXQP ,#
WPF 12&# OKP 











































Abb. 74: Quantifizierung endogener JA und OPDA-Level nach ALA-Elicitierung ohne und mit
Vorinkubation mit Aspirin (AcSA).
1JPG 8QTDGJCPFNWPI DGYKTMV FKG #RRNKMCVKQP XQP #.# GKPG CNNIGOGKPG *QEJ
TGIWNKGTWPIFGU1EVCFGECPQKFYGIU CPIG\GKIV FWTEJ ITQ†G/GPIGP12&# 
µII
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$NCVVIGYKEJV WPF UKIPKHKMCPVG /GPIGP ,# 
PII $NCVVIGYKEJV 8QTDGJCPFNWPI
OKV #URKTKP JCV MGKPGP ’KPHNWUU CWH FGP )GJCNV CP GPFQIGPGT 12&# 
µII
$NCVVIGYKEJV CDGT QHHGPUKEJVNKEJ YGTFGP UR…VGTG 5EJTKVVG PCEJ FGT 12&# KO





YKTF FGWVNKEJ JQEJTGIWNKGTV CDGT KO 8GTNCWH DNQEMKGTV YCU \W GKPGT NGKEJVGP





4QNNG FGT HT×JGP WPF UR…VGP 1EVCFGECPQKFG KO 0GV\YGTM FGT 5KIPCNYGIG FGT
.KOCDQJPG #NNGTFKPIU UQNNVGP YGKVGTG ’ZRGTKOGPVG FKG 9KTMWPI XQP 12&# WPF
.KPQNGPU…WTG KP 2JCUGQNWU NWPCVWU UKEJGTUVGNNGP 5Q Y…TGP +PMWDCVKQPGP OKV
5CWGTUVQHHFGTKXCVGP FGT 12&# FKG PKEJV FWTEJ β 1ZKFCVKQP \W ,# CDDCWDCT UKPF
FGPMDCTWOFKG5KIPCNHWPMVKQP\WDGYGKUGP
3.3.3 Überlegungen zur induzierten Homoterpen / Methyl-
salicylat-Biosynthese
&KG$GFGWVWPIFGUFWTEJ#NCOGVJKEKP 




PWT GKP &WHVOWUVGT DGK FGT .KOCDQJPG KPFW\KGTV FCU FGO FWTEJ ,# KPFW\KGTVGP
GPVURTKEJV UQPFGTP CW†GTFGO CWEJ FKG 2TQFWMVKQP XQP *QOQVGTRGPGP WPF
/GVJ[NUCNKE[NCV CMVKXKGTV %QTQPCVKP KUV PKEJV PWT OKV UGKPGO %(#6GKN 
 GKP ,#
#PCNQIQP UQPFGTP CNU #OKPQU…WTGMQPLWICV CWEJ GKPU FGT 1ZQRJ[VQFKGPU…WTG

 5QOKVYKTMV GU CWH FKG&WHVRTQFWMVKQP 
#DD  UQYQJN CNU ,# CNU CWEJ CNU
12&#
&WTEJ FKG ’PVFGEMWPI FCUU #.# PGDGP FGT /GVJ[NUCNKE[NCV PWT PQEJ FKG
*QOQVGTRGP$KQU[PVJGUG GNKEKVKGTV 
#DD  IKDV GU CDGT PQEJ \YGK YGKVGTG
/ÑINKEJMGKVGP FGT ’TMN…TWPI #.# CNU +QPQRJQT DGYKTMV GKPG FTCUVKUEJG
Ergebnisse und Diskussion 73
&GRQNCTKUKGTWPICPFGT/GODTCP<WOGKPGPMÑPPVGUKEJFKGUGT’HHGMVCNU5VCTVRWPMV
GKPGT YGKVGTGP 5KIPCNMCUMCFG CWUYKTMGP \WO CPFGTGP MÑPPVG GT FWTEJ FCU








#WEJ 5EJYGTOGVCNNG JCDGP GKPGP UVCTMGP VQZKUEJGP ’KPHNWUU CWH 2HNCP\GP
/ÑINKEJGTYGKUG URKGNV FCDGK CWEJ FKG &GRQNCTKUCVKQP FGT /GODTCP YKGFGT GKPG
YKEJVKIG 4QNNG FGPP 5EJYGTOGVCNNG JCDGP ’KPHNWUU CWH FKG 9KTMWPI FGT
.KRQZ[IGPCUGP 
.1: DGKO #DDCW FGT $KQOGODTCPGP .1: UKPF WPKXGTUGNN
XQTJCPFGPG ’P\[OG FKG FKG *[FTQRGTQZKFKGTWPI XQP WPIGU…VVKIVGP (GVVU…WTGP CWU
FGP /GODTCPGP MCVCN[UKGTGP 5KG URKGNGP CWEJ GKPG YKEJVKIG 4QNNG DGK FGT
/GODTCPNKRKF2GTQZKFCVKQP Y…JTGPF FGT 2HNCP\GPCNVGTWPI <W FGP
#DDCWRTQFWMVGP IGJÑTGP HTGKG 4CFKMCNG 2GTQZKFG /CNQPFKCNFGJ[F WPF
,CUOQPU…WTG #NNG FKGUG 5WDUVCP\GP DGYKTMGP GKPGP YGKVGTGP #DDCW FGT
/GODTCPNKRKFG &KGU H×JTV YKGFGT \WT &GRQNCTKUCVKQP CP FGT /GODTCP FWTEJ
GTJÑJVGP#WUVCWUEJFGT’NGMVTQN[VG&GT/GODTCPUEJCFGPFGTFWTEJ#NVGTWPIWPF
CDKQVKUEJGP 5VTGUU GKPUEJNKG†NKEJ 5EJYGTOGVCNNUCN\G CWUIGNÑUV YKTF GPVUVGJV OGKUV
FWTEJ /GODTCPNKRKF2GTQZKFCVKQP ’U IKDV $GTKEJVG ×DGT FKG $GVGKNKIWPI XQP













Abb. 75: Duftprofil von 3OXQDWXV nach Elicitierung mit Schwermetalllösung
/KVFKGUGPTGNCVKXJQEJMQP\GPVTKGTVGP.ÑUWPIGPGTJ…NVOCPGKP&WHVRTQHKNFCUDKUCWH
FKG )GUCOVOGPIG GZCMV FGO FWTEJ #NCOGVJKEKP 
#DD  JGTXQTIGTWHGPGP &WHV
GPVURTKEJV +UV FCU CWH VQZKUEJG ’HHGMVG \WT×EM\WH×JTGP QFGT GKP 4GUWNVCV FGT
&GRQNCTKUKGTWPIFGT$KQOGODTCPGP!
#NU <WUCV\ \W CNN FKGUGP $GQDCEJVWPIGP IKDV GU GKPG #TDGKV FKG \GKIV FCUU GZQIGP
CRRNK\KGTVG 5CNKE[NU…WTG FKG KPFKTGMV FGRQNCTKUKGTGPFGP ’HHGMVG XQP 3WGEMUKNDGT WPF
$NGKUCN\GP CWUINGKEJGP MCPP /ÑINKEJGTYGKUG XGTUWEJV FCU FKG .KOCDQJPG CWEJ
YGPP UKG PCEJ FGT &GRQNCTKUCVKQP FGT $KQOGODTCP FWTEJ #.# QFGT
UEJYGTOGVCNNWPVGTUV×V\VG .1:#MVKXKV…V ITQ†G /GPIGP XQP 5CNKE[NU…WTG RTQFW\KGTV
FKG YKT KO &WHV YKGFGTHKPFGP &KGU KUV GKPG XQP OGJTGTGP OÑINKEJGP *[RQVJGUGP
FGTGP-N…TWPIGKPYKEJVKIGT5EJTKVV\WO8GTUV…PFPKUFGTRHNCP\NKEJGP#PVYQTVCWHFKG
WPVGTUEJKGFNKEJGP ’NKEKVKGTWPIGP UGKP YKTF &KG &GRQNCTKUKGTWPI FGT /GODTCPGP
MÑPPVGFCDGKGKPGYKEJVKIG5EJN×UUGNTQNNGURKGNGP
3.3.4 Verbesserte Methoden zur Quantifizierung von organischen
Säuren
’KP5EJN×UUGN \WO8GTUV…PFPKUFGT5VGWGTWPIFGU5GMWPF…TUVQHHYGEJUGNU KP2HNCP\GP
KUV FKG CMMWTCVG WPF \WXGTN…UUKIG /GUUWPI XQP -QP\GPVTCVKQPGP FGT YKEJVKIUVGP
2J[VQJQTOQPG WPF 5KIPCNOQNGM×NG .GKFGT NKGIGP XKGNG FKGUGT 5WDUVCP\GP KP GZVTGO
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IGTKPIGP -QP\GPVTCVKQPGP KP FGP 2HNCP\GP XQT UQ FCUU OCP GPVYGFGT CWH ITQ†G
/GPIGP2HNCP\GPOCVGTKCNCPIGYKGUGPKUVWOGKPGPCEJYGKUDCTGWPFOGUUDCTG/GPIG
FKGUGT5WDUVCP\GP\WGTJCNVGPQFGTCDGTVGWTG#PCN[UGIGT…VGXGTYGPFGPOWUUWOFKG
0CEJYGKUITGP\G JGTCD\WUGV\GP ’KPG GKPHCEJG MQUVGPI×PUVKIG #NVGTPCVKXG FKG CWH
GKPGT #PCN[VKM DGTWJV FKG KP XKGNGP .CDQTGP DGTGKVU XQTJCPFGP KUV Y…TG
Y×PUEJGPUYGTV
’KPG &GVGMVKQPUOGVJQFG FKG GU GTOÑINKEJV KP UGJT PKGFTKIG -QP\GPVTCVKQPUDGTGKEJG
XQT\WFTKPIGP KUVFKG/GUUWPIFGT(NWQTGU\GP\&KG’ORHKPFNKEJMGKVFKGUGT/GVJQFG
NKGIV LG PCEJ (NWQTQRJQT WOOKPFGUVGPU \YGK 1TFPWPIGP JÑJGT CNU FKG &GVGMVKQP
OKVVGNU78DGK5WDUVCP\GPOKVFWTEJUEJPKVVNKEJGT78#DUQTRVKQP
$GVTCEJVGVOCPFKGWPVGTUEJKGFNKEJGP#PCN[VGPFKG H×TGKPGUQNEJG/GUUWPI KP(TCIG
MQOOGP UQ IKDV GU PGDGP FGP UEJQP GTY…JPVGP 5WDUVCP\GP YKG \WO $GKURKGN
,CUOQPU…WTG 
 1ZQRJ[VQFKGPU…WTG 
 WPF 5CNKE[NU…WTG 
 PQEJ YGKVGTG
8GTDKPFWPIGP FKG GKPG \GPVTCNG 4QNNG DGK FGT 5VGWGTWPI FGU 5GMWPF…TOGVCDQNKUOWU
XQP2HNCP\GP URKGNGPWPFFGTGPIGOGKPUCOG’THCUUWPIDGK GKPGT GKP\GNPGP/GUUWPI
JÑEJUVY×PUEJGPUYGTVY…TG
#WZKPQFGT+PFQN GUUKIU…WTG 
 +## KUV KP2HNCP\GPH×TFCU5VTGEMWPIUYCEJUVWO
KO 5RTQUU \WUV…PFKI &KG9KTMWPI FGT +## DGUVGJV FCTKP FCU 5VTGEMWPIUYCEJUVWO
FGT <GNNGP \W HÑTFGTP $GK -T×OOWPIUYCEJUVWO YKG 4CPMGPURKTCNKUKGTWPI YKTF











Auxin Gibberellin GA1 Abscisinsäure
  
Abb. 76: Weitere pflanzliche Signalstoffe: Auxin (IAA), Gibberellin GA1 und Abscisinsäure (ABA)
)KDDGTGNNKPG  DKNFGP GKPG ITQ†G -NCUUG XQP 8GTDKPFWPIGP XQP FGPGP GKPKIG





MQPVTQNNKGTV FGP 9CUUGTJCWUJCNV XQP 2HNCP\GP 5KG KPKVKKGTV FCU 5EJNKG†GP FGT
5RCNVÑHHPWPIGP DGK 9CUUGTOCPIGN WPF NÑUV ×DGT )GPGZRTGUUKQP FKG &QTOCP\ XQP
5COGPWPF-PQURGPCWU
8GTINGKEJVOCPCNNGFKGUGYKEJVKIGP5KIPCNUWDUVCP\GPOKVGKPCPFGT UQUVGNNVOCPGKPG
YKEJVKIG )GOGKPUCOMGKV HGUV ’U JCPFGNV UKEJ JKGTDGK FWTEJIGJGPF WO QTICPKUEJG
5…WTGP /CP DGPÑVKIV FGOPCEJ GKP &GTXCVKUKGTWPIUTGCIGP\ FCU GKPGP UVCTMGP
(NWQTQRJQT DGK QTICPKUEJGP 5…WTGP GKPH×JTV ’KPG JQJG 4GCMVKXKV…V \GKIGP FCDGK
&KC\QCNMCPGFKG KP NGKEJV UCWTGO/GFKWODGK4CWOVGORGTCVWTQJPG5VÑTWPIFWTEJ
9CUUGTOKVFGPQTICPKUEJGP5…WTGPGPVURTGEJGPFG’UVGTDKNFGP
+P FGT .KVGTCVWT UKPF &KC\QCNMCPG CNU &GTKXCVKUKGTWPIUTGCIGP\KGP DGUEJTKGDGP FGTGP
JQJG4GCMVKXKV…VOKVFGTIWVGP&GVGMVKGTDCTMGKVXQP(NWQTQRJQTGPXGTDWPFGPYKTF
’UIKDVDGTGKVUGKPGITQ†G/GPIGHNWQTGU\GPVGT)TWRRGPFKGFCDGKIGPWV\VYGTFGP\$
%QWOCTKPFGTKXCVG #PVJTCEGP 0CRJV[N 2JGPCPVJTGPG WPF 2[TGP[NXGTDKPFWPIGP
UQYKG(NWQTGUEGKPCPCNQIC




FKG#PYGPFDCTMGKV FKGUGT 6GEJPKM CWH FKG&GVGMVKQP FGT 5KIPCNUVQHHG KP 2HNCP\GP \W
×DGTRT×HGP YWTFG \WP…EJUV GKP IGGKIPGVGU &GTKXCVKUKGTWPIUTGCIGP\ CWUIGY…JNV
9GIGP UGKPGT JQJGP (NWQTGU\GP\KPVGPUKV…V WPFFGT MQOOGT\KGNNGP8GTH×IDCTMGKV HKGN
FKG 9CJN CWH 2[TGP[NFKC\QOGVJCP 
 2&#/ &KG #PTGIWPIU WPF
’OKUUKQPUOCZKOC NKGIGP DGK 2&#/ DGK PO WPF PO ’U KUV XGTINGKEJUYGKUG














Abb. 77: Reaktion von PDAM mit einer organischen Säure
&KGUGU8QTU…WNGPFGTKXCVKUKGTWPIUTGCIGP\KUVUVCTMQTCPIGIGH…TDVWPFYKTFJGNNIGND
PCEJ FGT 4GCMVKQP &CU 4GCIGP\ YKTF KP %JNQTQHQTO/GVJCPQN XQTIGNÑUV KO




)TCFKGPVGP CWU9CUUGT WPF #EVQPKVTKN 
UKGJG ’ZRGTKOGPVGNNGT 6GKN &KG $KNFWPI FGT
’UVGT YWTFG CO $GKURKGN FGT ,CUOQPU…WTG 
 WPF FGT 12&# 
 OKVVGNU .%/5
×DGTRT×HV &KG&GVGMVKQP GTHQNIVOKV GKPGO (NWQTGU\GP\FGVGMVQT DGK FGP#PTGIWPIU
WPF’OKUUKQPUYGNNGPN…PIGPFGU2[TGP[NTGUVGU













Abb. 78: Eichgerade mit der Emission bei 395 nm für verschiedene Mengen JA mit linearer




UGJT ITQ†GO 4GCIGP\×DGTUEJWUU CNU CWEJ DGK ITÑ†GTGP ,#/GPIGP YGPP FKGUGT
flDGTUEJWUUFGWVNKEJMNGKPGTYKTF
&KG/GUUWPIXQPRHNCP\NKEJGP2TQDGPKP<WUCOOGPCTDGKVOKV6JQOCU-QEJWPF#PLC
$KGFGTOCPP \GKIV FGWVNKEJ FKG 5EJY…EJGP FGU 2&#/U +O WPVGP IG\GKIVGP
%JTQOCVQITCOO 
#DD  MCPP OCP FKG (GVVU…WTGP GKPHCEJ WPVGTUEJGKFGP LGFQEJ
NKGIGP KO XQTFGTGP $GTGKEJ FGU %JTQOCVQITCOOU FKG 5WDUVCP\GP CNNG UGJT PCJ
DGKGKPCPFGTWPFYGTFGPPKEJVOGJTUCWDGTIGVTGPPV&KGUNKGIVCO8GTJ…NVPKUFGUUGJT
ITQ†GP J[FTQRJQDGP 2[TGP[NHNWQTQRJQTU \WO 4GUV FGU /QNGM×NU &GT ’KPHNWUU FGT
MNGKPGP 5KIPCNOQNGM×NG CWH FCU *2.%.CWHXGTJCNVGP KUV FGUJCND UGJT IGTKPI &KG









































Abb. 79: Chromatogramm einer ALA elicitierten Pflanzenprobe (1 g); Lin = Linolensäure; FA =
Fettsäure
+P FKGUGO (CNN YWTFG FKG ITQ†G (NWQTGU\GP\KPVGUKV…V OKV GKPGT UVCTM GTUEJYGTVGP
6TGPPWPIGTMCWHV.GKFGTYCTGUCWU\GKVNKEJGP)T×PFGPPKEJVOÑINKEJFKGUG6GEJPKM
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DKU \W GKPGO #DUEJNWUU YGKVGT\WGPVYKEMGNP LGFQEJ NKGIV KP FKGUGT /GVJQFG PQEJ
TGKEJNKEJ2QVGPVKCNH×T8GTDGUUGTWPIGP&KGCPCN[VKUEJGP/ÑINKEJMGKVGP\WT5VWFKGFGT
GPFQIGPGP2J[VQJQTOQPNGXGNUKPFUGJTXKGNXGTURTGEJGPF
’U GORHKGJNV UKEJ PCEJ FGP DKUJGTKIGP ’THCJTWPIGP GKPGP CPFGTGP (NWQTQRJQT \W
XGTYGPFGP FGT GKPGP MNGKPGTGP YGPKIGT J[FTQRJQDGP 4GUV DGUKV\V &KGU UQNNVG FKG
6TGPPNGKUVWPI XGTDGUUGTP WPF FKG &CWGT GKPGU 6TGPPWPIUNCWHU XGTM×T\GP (×T













Abb. 80: alternative Derivatisierungsreagentien: Dansyl-, Methoxynaphtyl- und Coumarin-
diazoalkan




&KG 2JQVQCHHKPKV…VUOCTMKGTWPI CP ICP\GP 2HNCP\GP KUV UGJT CWHYGPFKI 5GJT XKGN
GKPHCEJGTKUVFKG5WEJGPCEJ4G\GRVQTGPWPF$KPFGRTQVGKPGPKP<GNNMWNVWTGP2TQH’DGN
WPF UGKPG/KVCTDGKVGT XQP FGT ./7/×PEJGP CTDGKVGP UGKV XKGNGP ,CJTGPOKV GKPGO
5QLCDQJPGP<GNNMWNVWTU[UVGO CP FGO UKG #PHCPI FGT PGWP\KIGT ,CJTG FGP 4G\GRVQT
GKPGU*GRVC INWEQUKFU H×T FKG 2J[VQCNGZKPRTQFWMVKQP KP FGT 5QLCDQJPG KFGPVKHK\KGTV
JCDGP &KGUGU GVCDNKGTVG 5[UVGO MÑPPVG GKP IWVGT 5VCTVRWPMV H×T GTUVG







 CNU CWEJ FKG +PFCPQP8GTDKPFWPIGP  WPF  &CPGDGP YWTFGP 
1ZQRJ[VQFKGPU…WTG 
 ,CUOQPU…WTG 
 WPF /GVJ[NLCUOQPCV WPVGTUWEJV #NU
2QUKVKXMQPVTQNNG FKGPVG GKPG CPIGTGKPKIVG (TCMVKQP FGU *GRVC INWEQUKFU 
4’ &KG
<GNNMWNVWTRTQDGPYWTFGPJ CWH GKPGO-TGKUUEJ×VVNGT DGK TRO KO&WPMGNPOKV
FGP CPIGIGDGPGP -QP\GPVTCVKQPGP FGU ’NKEKVQTU KPMWDKGTV &CU HKNVTKGTVG /GFKWO
YWTFGOKV ’VJ[NCEGVCV GZVTCJKGTV&GT4×EMUVCPFYKTF PCEJ 6TQEMPGP WPF ’KPGPIGP
FGT QTICPKUEJGP2JCUGOKV ’VJCPQN CWHIGPQOOGPWPF CWH GKPGT42 5…WNGOKVVGNU































































































































































Abb. 81: Relative Mengen des Glyceollins im Extrakt von 1 g Zellkultur (Frischgewicht) mit
verschiedenen Elicitoren (RE= Rohelicitor)
+P #DD  UKPF FKG ’TIGDPKUUG XQP FTGK ’ZRGTKOGPVGP IG\GKIV 8GTINGKEJV OCP FKG
/GPIGP PCEJ ’NKEKVKGTWPI OKV FGO 4QJGNKEKVQT 
4’ FCPP GTMGPPV OCP FKG IWVG
4GRTQFW\KGTDCTMGKVKPFGPFTGK/GUUTGKJGP.GKFGT\GKIGPGKPKIG-QP\GPVTCVKQPUTGKJGP
GKPG PKEJV PCEJXQNN\KGJDCTG +PMQPUKUVGP\ 5Q KUV FKG )N[EGQNNKPOGPIG DGK FGT LGYGKNU
OKVVNGTGP-QP\GPVTCVKQPXQP%QTQPCVKP/G,#WPFIGTKPIGTCNUGTYCTVGVWPFDGK
,CUOQPU…WTGPKOOVFKG9KTMWPIDGKUVGKIGPFGT-QP\GPVTCVKQPCD
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6TQV\FKGUGT7PTGIGNO…†KIMGKVGP N…UUVUKEJ\GKIGPFCUU%QTQPCVKPWPFFCU#PCNQIQP
 GKPG …JPNKEJ UVCTMG 9KTMWPI CWH FKG )N[EGQNNKPRTQFWMVKQP JCDGP &KG




.GKFGT UVCOOGP FKGUG9GTVG XQP XGTUEJKGFGPGP 8GTUWEJGP UQ FCUU OCP FKG9GTVG
FWTEJ GKPG -QP\GPVTCVKQPUTGKJG KP GKPGO ’ZRGTKOGPV DGUV…VKIGP UQNNVG ’PVIGIGP
HT×JGTGT#PPCJOGPKUVFCU5QLCDQJPGP<GNNMWNVWTU[UVGOKPFKGUGO$KQCUUC[PKEJV ,#
KPUGPUKVKX
#WU FGT 6GPFGP\ FKGUGT &CVGP MCPP OCP UEJNKG†GP FCUU FKG +PFCPQPFGTKXCVG KJTG
4QNNG CNU %QTQPCVKPCPCNQIC YKGFGT DGUV…VKIV JCDGP #WEJ FGT ’KPHNWUU FGU
5WDUVKVWGPVGP CO #TQOCVGP GPVURTKEJV FGP ’TIGDPKUUGP FGT CPFGTGP 8GTUWEJG &CU







IGTKPIGP #DUQTRVKQP KIPQTKGTV JCVVG &GT 2JQVQCHHKPKV…VUOCTMGT  KPFW\KGTV FKG
2TQFWMVKQP FKGUGT 5WDUVCP\ FGUUGP 4GVGPVKQPU\GKV PKEJV OKV FGP H×T 5QLCDQJPG
DGMCPPVGP8GTDKPFWPIGP×DGTGKPUVKOOVG\$)N[EGQNNKP&CKF\GKPQFGT)GPKUVGKP&KG
2TQFWMVKQPFKGUGT8GTDKPFWPIYWTFGOKVGKPGTz/.ÑUWPIFGU#\KFU×DGT
OCN UV…TMGT CMVKXKGTV CNU FWTEJ FKG .GGTRTQDG 
#DD  #WEJ FGT 4QJGNKEKVQT FCU
WPUWDUVKVWKGTVG +PFCPQ[NMQPLWICV WPF 12&# 
 GTTGKEJVGP PWT GKPG 8GTFTGK DKU
8GTPGWPHCEJWPIFGU)TWPFIGJCNVGU
&KG-QNNGIGP KP/×PEJGPMQPPVGP GVYCOIFKGUGT 5WDUVCP\ UCOOGNP 5KG \GKIVG
GKPGUVCTMG(NWQTGU\GP\OKVPO’ZVKPMVKQPUWPFPO’OKUUKQPUYGNNGPN…PIG’U































Abb. 82: Produktion einer neuen Substanz nach Elicitierung mit . Dargestellt sind die
Peakflächen nach HPLC, kalibriert auf Kontrolle=1 (RE=Rohelicitor)
&KG5WDUVCP\JCVGKPG/CUUGXQPIOQNWPFFKG5WOOGPHQTOGN%*15KG
\GKIV GKP H×T *[FTQZ[HNCXQPG V[RKUEJGU /5<GTHCNNUOWUVGT /KV *KNHG FGT 0/4
5RGMVTGP MQPPVG FKG 5WDUVCP\ CNU   &KJ[FTQZ[HNCXQP KFGPVKHK\KGTV YGTFGP &KGUG
5WDUVCP\ KUV DGTGKVU CWU GKPKIGP YGPKIGP 2HNCP\GP DGMCPPV WPVGT CPFGTGO CWU FGP
9WT\GNP EJKPGUKUEJGT .CMTKV\G 







Abb. 83: Identifiziertes 7,4‘-Dihydroxyflavon
&KG KPVGTGUUCPVG (TCIOGPVKGTWPI FGU /QNGM×NU KO/CUUGPURGMVTWO MQPPVG XQP &T
0GKN1NFJCOFWTEJFKGHQNIGPFGYCJTUEJGKPNKEJG4GCMVKQPGTMN…TVYGTFGP
#DD


















Abb. 84: Postulierte Fragmentierung von  im Massenspektrometer
Abb. 85: Massenspektrum des 7,4‘-Dihydroxyflavons 






(GKPFGP FGT 5RKPPOKNDG ×DGT &WHVUVQHHG 
UKGJG 5GKVG  9…JTGPF H×T CPFGTG








RWDNK\KGTV KUV UKPF8GTDKPFWPIGPFKGUGT-NCUUG H×TFKG.KOCDQJPGDKUJGTWPDGMCPPV
7O \W WPVGTUWEJGP QD FKGUGU 2HNCP\GPU[UVGO …JPNKEJG 5WDUVCP\GP RTQFW\KGTV
YWTFGP LWPIG .KOCDQJPGP OKV \YGK XQNNUV…PFKI GPVYKEMGNVGP 2TKO…TDN…VVGTP OKV




FGU 2HNCP\GPOCVGTKCNU YWTFG OKV ON /GVJCPQN H×T J DGK u% GZVTCJKGTV &WTEJ
<GPVTKHWICVKQP WPF (KNVTCVKQPYWTFGP FKG HGUVGP $GUVCPFVGKNG CDIGVTGPPV &KG 2TQDGP
YWTFGPOKVVGNU*2.%CPGKPGT425…WNG
*1/G%0)TCFKGPVDKU/G%0
KP OKP IGVTGPPV &KG &GVGMVKQP GTHQNIVG OKVVGNU 78#DUQTDVKQP DGK PO WPF
FWTEJGKPGP&#&&GVGMVQT












Abb. 86: Chromatogramm eines Blattextraktes von 3OXQDWXV nach Elicitierung mit JA (2 mM),
Alamethicin (10 µg/ml) und Cellulysin (0,1 mg/ml); Wasser als Negativkontrolle; λDet= 190 nm;
Säule RP-18
+P #DD  UKPF TGRT…UGPVCVKXG %JTQOCVQITCOOG CDIGDKNFGV &KG 78#DUQTRVKQP

PO FGT -QPVTQNNG FKG OKV 9CUUGT DGJCPFGNV YWTFG KUV FCDGK HCUV IGPGTGNN
IGTKPIGT CNU CNNG FTGK 2TQDGP XQP GNKEKVKGTVGP 2HNCP\GP $NCVV WPF 5V…PIGNGZVTCMVG
\GKIVGPFCDGK MGKPG GNGOGPVCTGP7PVGTUEJKGFG ’KPKIG 5KIPCNG HKPFGP UKEJPWT KPFGP
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%JTQOCVQITCOOGP XQP ,# WPF #.#KPFW\KGTVGP 2HNCP\GP &WTEJ 8GTINGKEJ FGT
\WIGJÑTKIGP 785RGMVTGP MQPPVG LGFQEJ CWUIGUEJNQUUGP YGTFGP FCUU GU UKEJ FCDGK
WO (NCXQPG QFGT FCXQP CDIGNGKVGVG 8GTDKPFWPIGP JCPFGNV #WEJ GPVURTCEJGP FKG
4GVGPVKQPU\GKVGP FKGUGT WPDGMCPPVGP 8GTDKPFWPIGP PKEJV FGPGP GKPKIGT UGJT
XGTDTGKVGVGT (NCXQPQKFG YKG )GPKUVGKP &CK\GKP )N[EGQNNKP QFGT -GXKVQP FKG CNU
4GHGTGP\GPXGTOGUUGPYWTFGP
&KGUG GTUVGP8GTUWEJG \GKIGP FCUU UKEJFKG2TQFWMVKQPXGTUEJKGFGPGT8GTDKPFWPIGP
FWTEJ ’NKEKVKGTWPI FGT .KOCDQJPG CMVKXKGTGP N…UUV&KGUG 5WDUVCP\GP IGJÑTGP LGFQEJ
PKEJV\WFGPJ…WHKIXQTMQOOGPFGP(NCXQPQKFGP9GKVGTGPÑVKIG7PVGTUWEJWPIGP\WT
5VTWMVWT FGT KPFW\KGTVGP 8GTDKPFWPIGP MÑPPVGP \GKIGP QD GU UKEJ JKGTDGK XKGNNGKEJV
WO2J[VQCNGZKPGQFGTRHNCP\NKEJG5KIPCNUVQHHGJCPFGNV







GZVTGO GORHKPFNKEJ WPF \GKVINGKEJ \WOGUUGP $KUJGTYKTF FQTV DGTGKVU FKG/GUUWPI
XQP ’VJ[NGP UGJT GTHQNITGKEJ FWTEJIGH×JTV &KG /ÑINKEJMGKV FKG /GPIG FGU
CDIGIGDGPGP ’VJ[NGPU GKPGU FGT YKEJVKIUVGP 2J[VQJQTOQPG KP 2HNCP\GP QPNKPG KO
RRD$GTGKEJ\WXGTHQNIGPGTÑHHPGVXKGNH…NVKIG#PYGPFWPIUOÑINKEJMGKVGP
’KPYGKVGTGUNGKEJVGU5RWTGPICUPGDGPFGO’VJ[NGPKUVFCU+UQRTGP’UYKTFXQPXKGNGP
2HNCP\GP KP ITQ†GP/GPIGP GOKVVKGTV 






&CU )TWPFRTKP\KR FGT 2#5 KUV KOOGT INGKEJ 
#DD  /KV GKPGO CDUVKOODCTGP
.CUGTUVTCJN YGTFGP FKG )CUOQNGM×NG KP GKPGT RJQVQCMWUVKUEJGP <GNNG CPIGTGIV WPF
\WO5EJYKPIGPIGDTCEJV&KGCPIGTGIVGPUEJYKPIGPFGP/QNGM×NGIGDGPKJTG’PGTIKG































Abb. 88: Schematischer Aufbau eines Photoakustikspektrometers (PAS)
7ORHNCP\NKEJG5[UVGOG\WOGUUGP NGKVGVOCPFKG.WHV \WP…EJUV \WO4GKPKIGP×DGT
GKPGP 2NCVKPMCVCN[UCVQT ’KP PCEJHQNIGPFGT (NWUUTGINGT UVGWGTV FGP .WHVUVTQO FGT
FWTEJ FKG $NCVVMCOOGT HNKG†V WPF FKG XQP FGT 2HNCP\G GOKVVKGTVGP 5WDUVCP\GP
CWHPKOOV ’KPG IGTGIGNVG -×JNHCNNG OKV HN×UUKIGO 5VKEMUVQHH GPVHGTPV CNNG UVÑTGPFGP
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$GUVCPFVGKNG YKG \WO $GKURKGN (GWEJVKIMGKV WPF CPFGTG UEJYGT HN×EJVKIG
8GTDKPFWPIGP#O’PFGUVTÑOVFKG.WHVFWTEJFKGRJQVQCMWUVKUEJG<GNNG
 6\QWKHVHGHV’LGHXWHUR,VRSUHQV
0GDGP FGT/GUUWPI XQP TGKPGO +UQRTGP UQNNVG RCTCNNGN FC\W CWEJ &KFGWVGTQKUQRTGP
OGUUDCT UGKP&KG +FGGYCT GKP ’ZRGTKOGPV \W UEJCHHGPOKV FGOOCP UR…VGT FWTEJ
#RRNKMCVKQPGPVURTGEJGPFGT8QTUVWHGPYKGFGWVGTKGTVGT&GQZ[Z[NWNQUG 
&1:GKPGP



























Abb. 89: Biosynthese von Isopren aus dideuterierter DOX (P=Phosphat)
6GEJPKUEJG8QTCWUUGV\WPI KUVFKG7PVGTUEJGKFDCTMGKVFGTFGWVGTKGTVGPWPFFGTPKEJV
FGWVGTKGTVGP5WDUVCP\OKVVGNU+4&CH×TOWUUVG&KFGWVGTQKUQRTGPU[PVJGVKUKGTVWPF
FGUUGP )CURJCUGP+45RGMVTWO OKV FGO FGU WPFGWVGTKGTVGP +UQRTGPU XGTINKEJGP
YGTFGP
&KG 5[PVJGUG FGU &KFGWVGTQOGVJ[NDWVCFKGP 
 GTHQNIVG PCEJ GKPGT













Abb. 90: Synthese des Dideuteroisoprens
88
 ,QIUDURWVSHNWUHQGHU,VRSUHQH





















Abb. 91: IR-Spektren der beiden Isoprene in der Gasphase





1DYQJN FKG DGKFGP 5RGMVTGP GKPG $CPFG DGK  D\Y zO JCDGP KUV FKG FGU
FGWVGTKGTVGP +UQRTGPU NGKFGT PKEJV FWTEJ FGP .CUGT GTTGKEJDCT 5EJNKG†NKEJ NKGHGTV FKG
-QODKPCVKQP XQP UGEJU XGTUEJKGFGPGP /GUURWPMVGP WPF KJT 8GTJ…NVPKU \WGKPCPFGT
GKPGDGUUGTGWPFITÑ†GTG)GPCWKIMGKVKPFGT$GUVKOOWPIFGT-QP\GPVTCVKQPGPKPFGT
)CURJCUG
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Abb. 92: Vergleich des Fingerprintbereichs der PAS- und der FTIR-Messung zur







DGUQPFGTGP 4GK\ +UQRTGP CD &KG +UQRTGP5[PVJGVCUG TGCIKGTV UGJT GORHKPFNKEJ CWH
XGTUEJKGFGPG …W†GTG (CMVQTGP 5Q KUV UKG NKEJVCDJ…PIKI WPF VGORGTCVWTGORHKPFNKEJ
&KGUUKGJVOCPUGJTFGWVNKEJKO8GTUWEJUXGTNCWH
#DDFGPPFKG+UQRTGPGOKUUKQP




FWTEJFKG GTJÑJVG#MVKXKV…V FGU ’P\[OU&KG 6GORGTCVWTGTJÑJWPI H×JTV FCDGK PKEJV
PWT\WGKPGT GKPHCEJGP’TJÑJWPIFGT’OKUUKQP#WH)TWPFFGU6GORGTCVWTURTWPIGU
IKDV GU GKP MWT\\GKVKIGU flDGTUEJKG†GP 
EC  OKP FGT ’OKUUKQP &KG 2NCVGCW
6GORGTCVWTXQP)TCFNKGIVUEJQP×DGTFGO1RVKOWOH×TFKG+UQRTGPRTQFWMVKQPUQ
90
FCUU FGT UVGCF[UVCVG9GTV FGT ’OKUUKQP FGU FGWVGTKGTVGP +UQRTGPU WPVGT FGO H×T 
)TCF NKGIV5EJNKG†NKEJP…JGTP UKEJFKG IGOGUUGPGP-QP\GPVTCVKQPGPFWTEJ4GFWMVKQP
FGT6GORGTCVWTWPFFWTEJFCU#WUUEJCNVGPFGU.KEJVUFGO0WNNYGTVCP&KG/GPIGP

































































Abb. 93: Test der Funktionstüchtigkeit des neuen PA-Spektrometers
&CU ’ZRGTKOGPV \GKIV FGWVNKEJ FKG MQTTGMVG (WPMVKQP FGU PGWGP 8GTUWEJUCWHDCWU KP
$G\WICWH8GTJCNVGPPCEJ&GWVGTQ&1:<WICDG6GORGTCVWTWPF.KEJVGORHKPFNKEJ
MGKV&COKV UVGJVPWP GKPGPGWGOQFGTPG/GVJQFG \WT8GTH×IWPI WOFKG ’OKUUKQP





































2.) NaNO2 aq, NaN3 aq
3.) IleMe*HCl, HOBt, DCC
Abb. 94: Darstellung des Photoaffinitätsmarkers 6-Azido-Indanoyl-Isoleucinmethylester 
&GT’NKEKVQT \GKIV KP \CJNTGKEJGP$KQCUUC[U GKPGITQ†GDKQNQIKUEJG#MVKXKV…VFKG
FGTFGU%QTQPCVKPUYGKVIGJGPFCPCNQIKUV
6CD
7O FKG 9KTMUCOMGKV FGT RJQVQNCDKNGP #\KFQHWPMVKQP H×T FKG 2JQVQCHHKPKV…VU
OCTMKGTWPI \W ×DGTRT×HGP YWTFG FGT <GTHCNN FGU/CTMGTU PCEJ $GUVTCJNWPIOKV
78.KEJV UVWFKGTV WPF CNU 4GCMVKQP GTUVGT 1TFPWPI PCEJIGYKGUGP &KG TGCMVKXG
5RG\KGU YWTFG OKV &KKUQRTQR[NCOKP CDIGHCPIGP WPF \GKIVG GKPG KPVGPUKXG
(NWQTGU\GP\ &CU #\KF DKPFGV PCEJ 78$GUVTCJNWPI CP /[QINQDKP WPF DKNFGV
YKGFGTWOGKPUVCTMHNWQTGU\GPVGU#\GRKPFGTKXCVCWU
&KG’TIGDPKUUG \GKIGPFCUUFKG8GTDKPFWPI GKPITQ†GU2QVGPVKCN CNU9GTM\GWI
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Tab. 2: Vereinfachte Darstellung der biologischen Aktivität der Elicitoren in verschiedenen
Bioassays (-: keine Aktivität, +++: sehr starke Aktivität)
• %QTQPCVKP KUV GKP YKEJVKIGT CDGT UEJYGT \WI…PINKEJGT ’NKEKVQT \WO 5VWFKWO FGU
RHNCP\NKEJGP 5GMWPF…TOGVCDQNKUOWU &GT ’VJ[N+PFCPQ[N+UQNGWEKPOGVJ[NGUVGT

YWTFGCNUU[PVJGVKUEJNGKEJVFCTUVGNNDCTGUWPFDKQNQIKUEJJQEJCMVKXGU#PCNQIQP
FGU 2J[VQVQZKPU FCTIGUVGNNV &KG PGWG 5[PVJGUG 



























1.) AlCl3, NaCl, ∆
2.) IleMe*HCl, HATU
Abb. 95: Darstellung des Coronatinanalogons 6-Ethyl-Indanoyl-Isoleucinmethylester 
• #PJCPFFGTDGKFGP8GTDKPFWPIGPWPFCPFGTGT +PFCPQ[N-QPLWICVGYWTFG
FGT ’KPHNWUU GKPGU 5WDUVKVWGPVGP CP 2QUKVKQP CWH FKG DKQNQIKUEJG9KTMWPI DGKO
&WHVDKQCUUC[CPFGT.KOCDQJPGUVWFKGTV
• +PGKPGOIGOGKPUCOGP2TQLGMVOKV6JQOCU-TWOOWPF,×TIGP’PIGNDGTVJYWTFG







%TQUU6CNM DGVYGGP ,CUOQPCVG CPF 5CNKE[NCVG 5KIPCNKPI KP VJG .KOCDGCP  2NCPV
2J[UKQN
• &KG ’PVYKEMNWPI GKPGT PGWGP JQEJUGPUKVKXGP WPF CRRCTCVKX YGPKI CWHYGPFKIGP




×DGT KJTG (NWQTGU\GP\ FGVGMVKGT WPF SWCPVKHK\KGTDCT &KG #WHVTGPPWPI FGT
XQTIGTGKPKIVGP 2TQDGP GTHQNIV ×DGT*2.%&KG FWTEJIGH×JTVGP/GUUWPIGP \GKIGP













Abb. 96: Fluoreszenzmarkierung von JA  durch PDAM 
• &KG $GFGWVWPI XQP +UQRTGP CNU #VOQURJ…TGPICUOKV GKPGO ITQ†GP $GKVTCI \WO
6TGKDJCWUGHHGMV WPF UGKPG ’OKUUKQP CNU 2TQFWMV KO RHNCP\NKEJGP 5GMWPF…TUVQHH
YGEJUGN OCEJGP FKG ’PVYKEMNWPI PGWGT /GVJQFGP \WT \GKVINGKEJGP 5RWTGPICU




















#TTC[&GVGMVQT ,#5%1 (2 (NWQTGU\GP\
FGVGMVQT
#PCN[VKUEJG&%U 25%(GTVKIRNCVVGP -KGUGNIGN  ( (KTOC /GTEM
5EJKEJVFKEMGOO
2TGRCTCVKXG&%U -KGUGNIGNFGT(KTOC/GTEM-ÑTPWPIzO
5VTKRRKPIRWORGP /KPKCVWTFTGJUEJKGDGTRWORGP FGT (KTOC (×TIWV




























































a) Allgemeine Anzuchtbedingungen der Versuchspflanzen
&KG2HNCP\GPCP\WEJVXQP2 NWPCVWU (GTT[/QTUGXCT ,CEMUQP9QPFGT$WUJ GTHQNIVG KP
JCPFGNU×DNKEJGT #P\WEJVGTFG FKG XQT )GDTCWEJ  /KPWVGP DGK 9 KP FGT
/KMTQYGNNGUVGTKNKUKGTVYWTFG&KG6GORGTCVWTUEJYCPMVG\YKUEJGPWPFu%DGK
GKPGT .WHVHGWEJVKIMGKV XQP  &KG 2JQVQRJCUG DGVTWI  5VWPFGP OKV
.GWEJVUVQHHTÑJTGP 
µ’OU ,GYGKNU  5COGPYWTFGP KP GKPGO2NCUVKMVQRH 
∅ 
EO6CIGCPIG\QIGPDKUUKG\YGKXQNNGPVYKEMGNVG2TKO…TDN…VVGTJCVVGP
b) Wachstum von Pseudomonas syringae
9KT GTJKGNVGP CWUIGUVTKEJGPG2 U[TKPICG<GNNGP CWH/)#ICTRNCVVGP WPF KPMWDKGTVGP
FKGUG XKGT 6CIG DGK  u% 8QP FGP HTKUEJ IGYCEJUGPGP -QNQPKGP YWTFGP
(N×UUKIMWNVWTGP
*5%-$CPIGKORHV&KG-WNVWTGPYWTFGPDGKQFGTu%KPGKPGO





c) Isolation von Coronafacoyl-Komponenten
&KG’ZVTCMVKQPQTICPKUEJGT5…WTGPCWU\GNNHTGKGP-WNVWT×DGTUV…PFGPGTHQNIVGPCEJGKPGT
/GVJQFG XQP 2CNOGT WPF $GPFGT <WT +UQNCVKQP ITQ†GT/GPIGP %QTQPCHCEKPU…WTG

 WPF %QTQPCVKP 
 YWTFGP 2 U[TKPICG -WNVWTGP H×T  6CIG DGK  u% KP *5%
/GFKWO KPMWDKGTV &KG ’ZVTCMVKQP FGT %QTQPCHCEQ[N-QORQPGPVGP GTHQNIVG OKV
’VJ[NCEGVCVCWUN-WNVWT×DGTUVCPFKO.GKEJVRJCUGPGZVTCMVQT%(#WPF%14YWTFGP
CPUEJNKG†GPF FWTEJ &KEMUEJKEJVEJTQOCVQITCRJKG PCEJ GKPGO 2TQVQMQNN XQP /KVEJGNN
CWHIGTGKPKIV #NU .CWHOKVVGN FKGPVG FCDGK GKP +UQRTQRCPQN ’UUKIU…WTG 9CUUGT
’VJ[NCEGVCV 
)GOKUEJ&KG&GVGMVKQPXQP%(#WPF%14GTHQNIVGWPVGT78
.KEJV DGK  PO &KG GPVURTGEJGPFGP $CPFGP %(# 
4H   WPF %14 
4H  
YWTFGP XQTUKEJVKI JGTCWUIGMTCV\V &KG 5KNKEC2CTVKMGN YWTFGP H×T OKPFGUVGPU J KP
’VJ[NCEGVCV IGUEJYGPMV 5EJNKG†NKEJ YWTFGP FKG 5KNKEC2CTVKMGN CDHKNVTKGTV FCU
’VJ[NCEGVCV DGK  u% XGTFCORHV WPF FKG XGTDNGKDGPFGP 2GNNGVU KP LGYGKNU ON *1
TGUWURGPFKGTV &KG CWHIGTGKPKIVGP %QTQPCHCEQ[N-QORQPGPVGP YWTFGP DGK  u%
IGNCIGTV
d) Ansetzen von Testlösungen für verschiedene Bioassays
&KG6GUVNÑUWPIYWTFGCPIGUGV\VKPFGOFGT’NKEKVQTKPµN&/51XQTIGNÑUVWPFFKGUG
.ÑUWPIFCPPOKVON.GKVWPIUYCUUGTXGTF×PPVYWTFG&CDGKKUVGUYKEJVKIDGKFGP
UEJYGTNÑUNKEJGP 8GTDKPFWPIGP FKG &/51.ÑUWPI KP GKPG UVCTM T×JTGPFG .ÑUWPI
VTQRHGP\WNCUUGPFCFKG8GTDKPFWPICPUQPUVGPUQHQTVYKGFGTCWUH…NNV’KPG6GUVNÑUWPI
OKV&/51\GKIVGMGKPGDKQNQIKUEJG9KTMWPI
e) Duftbioassay an Phaseolus lunatus
2HNCP\GP XQP2 NWPCVWUOKV \YGK XQNN GPVYKEMGNVGP 2TKO…TDN…VVGTPYWTFGPOKV GKPGT
4CUKGTMNKPIG EO WPVGTJCND FGT $NCVVCPU…V\G CDIGUEJPKVVGP WPF UQHQTV KP
’RRGPFQTHIGH…†G OKV FGT 6GUVNÑUWPI 
 ON VTCPUHGTKGTV 9CJNYGKUG MCPP OCP CWEJ
UGJT IGTKPIG 8QNWOKPC FGT ’NKEKVQTNÑUWPIGP KP FKG )GH…†G IGDGP WPF PCEJ FGT
#WHPCJOGFWTEJFKG2HNCP\GPOKV.GKVWPIUYCUUGTCWHH×NNGP
Experimenteller Teil 99






Abb. 97: Schema des „closed-loop“-Verfahrens zum Sammeln von Pflanzendüften
&KG&WHVUVQHHGFKGXQPFGP2HNCP\GP KPFGPP…EJUVGP5VWPFGPCDIGIGDGPYGTFGP
YGTFGP FWTEJ MQPVKPWKGTNKEJGU 2WORGP FGT .WHV KO ’ZUKMMCVQT ×DGT GKPGP
#MVKXMQJNGHKNVGT 
OI #MVKXMQJNG %.5#(KNVGT .G 4WKUUGCW FG /QPVDTWP (
&CWOC\CP UWT#TK\G (TCPMTGKEJ KO UQIGPCPPVGP ENQUGFNQQR 8GTHCJTGP 
#DD 
IGUCOOGNV0CEJ FGT ’NWCVKQP FGT&WHVUVQHHG XQO#MVKXMQJNGHKNVGTOKV µN GKPGT
&KEJNQTOGVJCPNÑUWPI OKV KPVGTPGO 5VCPFCTF 
µ/ $TQOFGECP KP &KEJNQTOGVJCP
YGTFGPFKG’ZVTCMVGRGT)5/5XGTOGUUGP)%$GFKPIWPIGP&$
µOZOZ
OO *GNKWO FKGPV OKV EOOKP CNU 6T…IGTICU &KG 6TGPPWPI FGT
8GTDKPFWPIGP GTHQNIVG WPVGT RTQITCOOKGTVGP $GFKPIWPIGP 
u% H×T OKP FCPP
u%OKP DKU u% FCPP OKV u%OKP DKU u% /5 (KPPKICP )%3 )%
+PVGTHCEGDGKu%/GUUDTGKVG&C&KGGKP\GNPGP8GTDKPFWPIGPYWTFGP×DGT
KJTG 2GCMHN…EJGP KO %JTQOCVQITCOO KO 8GTJ…NVPKU \WO KPVGTPGP 5VCPFCTF
SWCPVKHK\KGTV#NNG’ZRGTKOGPVGYWTFGPOKPFGUVGPUFTGKOCNFWTEJIGH×JTV
f) Rankenkrümmungsassay an %U\RQLDGLRLFD
7OFKG(…JKIMGKVFGT8GTDKPFWPIGP\WVGUVGP4CPMGPMT×OOWPIDGK$T[QPKCFKQKEC\W








g) Reaktion des Azids  mit Myoglobin
’KPG .ÑUWPI FGU #\KFU  
OI zOQN KP9CUUGT 











h) HPLC-Untersuchung des „markierten“ Myoglobins
&KG 2TQDG YWTFG KP GKPGT -QP\GPVTCVKQP XQP ROQNµN KO .CWHOKVVGN

9CUUGT#EGVQPKVTKNIGNÑUV&KG%JTQOCVQITCRJKGDGUVGJVCWUGKPGT42*2.%5…WNG
% 0WENGQUKN #NU .CWHOKVVGN UKPF9CUUGT 




)GOGUUGP YKTF OKV GKPGO 78&GVGMVQT DGK PO WPF GKPGO (NWQTGU\GP\FGVGMVQT
OKV GKPGT #PTGIWPIUYGNNGPN…PIG DGK PO WPF GKPGT &GVGMVKQP DGK PO .%3
3WGNNG’5+
i) Quantifizierung endogener OPDA
$N…VVGT XQP 2 NWPCVWU 
I )GYGDG YWTFGP GKPIGHTQTGP WPF WPVGT HN×UUKIGO
5VKEMUVQHH IGOÑTUGTV &CU TGUWNVKGTGPFG 2WNXGT YWTFG \YGKOCN OKV ON 2GTQZKF
HTGKGO&KGVJ[NGVJGTGZVTCJKGTV/KVFGPXGTGKPKIVGP’ZVTCMVGPYWTFGGKPG(GUVRJCUGP
GZVTCMVKQPUMCTVWUEJG 
OI#DUQTDGPU #OKPQRTQR[N 8CTKCP &CTOUVCFV DGNCFGP
&KG -CTVWUEJGP YWTFGP OKV ON GKPGT .ÑUWPIUOKVVGNOKUEJWPI CWU
%JNQTQHQTO+UQRTQRCPQN 




OKVVGNU *2.% CPCN[UKGTV 














3WCPVKHK\KGTWPI FGT 12&# GTHQNIVG ×DGT FGP 8GTINGKEJ FGT 2GCMHN…EJGP OKV FGPGP
GKPGT’KEJIGTCFGFKGWPCDJ…PIKIOKVMQOOGT\KGNNGTJ…NVNKEJGT12&#GTUVGNNVYWTFG
Experimenteller Teil 101
j) Fluoreszenzdetektion von JA und anderen organischen Säuren aus
Pflanzenproben
2&#/ 
 YWTFG KP %JNQTQHQTO/GVJCPQN 















<W GKPGT .ÑUWPI XQP I 
OOQN 
%CTDQZ[RJGP[N
RTQRGPU…WTG KP ON 0 0CVTQPNCWIG IKDV OCP I
2CNNCFKWO#MVKXMQJNG-CVCN[UCVQT 
 WPF N…UUV J DGK
46 WPVGT *#VOQURJ…TG T×JTGP 0CEJ #DHKNVTKGTGP FGU
-CVCN[UCVQTU YKTFOKV 0 5CN\U…WTG CWH R* GKPIGUVGNNV
WPF FCU CWUIGHCNNGPG 4GCMVKQPURTQFWMV CDIGUCWIV +P .ÑUWPI XGTDNKGDGPGU 2TQFWMV
YKTF FWTEJ FTGKOCNKIGU ’ZVTCJKGTGP FGU (KNVTCVU OKV LG ON &KGVJ[NGVJGT
CPUEJNKG†GPFGU 6TQEMPGP FGT XGTGKPKIVGP 2JCUGP ×DGT 0C51 WPF ’PVHGTPGP FGU
.ÑUWPIUOKVVGNU CO 4QVCVKQPUXGTFCORHGT IGYQPPGP &GT -CVCN[UCVQT MCPP PCEJ



























+4 ν =EO?  
%*CNKRJ  
1*  















’KPG /KUEJWPI CWU TCWEJGPFGT 5CNRGVGTU…WTG 
I
OQN WPF MQP\GPVTKGTVGT 5EJYGHGNU…WTG 
I YKTF






















&/51F δ  
V * %*  












































 ON WPVGT CVOQURJ…TKUEJGO &TWEM OKV 2F% 

 I CNU -CVCN[UCVQT J[FTKGTV 0CEJ  UV×PFKIGO
4×JTGP YKTF FGT -CVCN[UCVQT FWTEJ (KNVTCVKQP GPVHGTPV
WPF FKG .ÑUWPI XQTUKEJVKI OKV MQP\GPVTKGTVGT 5CN\U…WTG PGWVTCNKUKGTV &KG























































OOQN YKTF KP &KGVJ[NGVJGT 
 ON WPF
6TKGVJ[NCOKP 
 ON UWURGPFKGTV 9…JTGPF FKG
/KUEJWPI DGK u% IGT×JTV YKTF IKDV OCP NCPIUCO
#EGV[NEJNQTKF 
 ON  OOQN \W 0CEJ GKPGT
YGKVGTGP5VWPFG4×JTGPDGKu% N…UUVOCPFKG4GCMVKQPUOKUEJWPICWH TV GTY…TOGP






















&/51F δ:  
/G  
%   

































OOQN YKTF KPVGPUKX OKV YCUUGTHTGKGO #NWOKPKWOVTKEJNQTKF

I WPF 0CVTKWOEJNQTKF 














YKTF H×T  5VWPFGP CWH≈u% GTJKV\V&KG GTJCNVGPGFWPMNG WPF \…JHN×UUKIG/CUUG
YKTF FCDGK CD WPF \W IGT×JTV 0CEJ #DM×JNGP YKTF FGT -QORNGZ OKV ’KUYCUUGT

ON WPF 05CN\U…WTG 

















































’KPG 5WURGPUKQP CWU #EGV[NCOKPQQZQKPFCPECTDQPU…WTG

 
I OOQN KP 05CN\U…WTG 
ON YKTF  5VWPFGP
WPVGT #TIQP TGHNWZKGTV 0CEJ FGO ’PVHGTPGP FGT 5CN\U…WTG KO
8CMWWOYKTFFGT4×EMUVCPFKP(NWQTQDQTU…WTG
ONUQNP






.ÑUWPI VTQRHV OCP WPVGT 4×JTGP GKPG .ÑUWPI XQP 0CVTKWOC\KF 
I KP 9CUUGT





































-$T ν =      



























ON IKDV OCP WPVGT #TIQPCVOQURJ…TG NCPIUCO 00 FKE[ENQJGZ[NECTDQFKKOKF





ON WPF OKV 05CN\U…WTG 























   
O*%
































%C   
%   
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-$T ν =     






















OI zOQN KP 6*( 
ONYKTF
OKV&KKUQRTQR[NCOKP 
zN OOQN XGTUGV\VWPF KP GKPGT
3WCT\\GNNG 
FEO DGK 4CWOVGORGTCVWT OKV 78.KEJV




























































































ON IGVTQRHV <W FKGUGT /KUEJWPI VTQRHV OCP
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